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ELECTRONIC DETECTION OF NUCLEIC ACIDS USING MONOLAYERS

This applicationis a continuing application of U.S.S.N.s 60/084,509, filed May 6, 1998; 60/084,425, filed
May 6, 1998, and 09/135,183, filed August 17, 1998.

FIELD OF THE INVENTION

The present invention is directed to methods and compositions for the usé of self-assembled

monolayers with electronically exposed termini to electronically detect nucleic acids.
BACKGROUND OF THE INVENTION

The detection of specific nucleic acids is an important tool for diagnostic medicine and molecular
biology research. Gene probe assays currently play roles in identifying infectious organisms such as
bacteria and viruses, in probing the expression of normal genes and identifying mutant genes such as
oncogenes, in typing tissue for compatibility preceding tissue transplantation, in matching tissue or
blood samples for forensic medicine, and for exploring homology among genes from different species.

Ideally, a gene probe assay should be sensitive, specific and easily automatable (for a review, see
Nickerson, Current Opinion in Biotechnology 4:48-51 (1993)). The requirement for sensitivity (i.e. low
detection limits) has been greatly alleviated by the development of the polymerase chain reaction
(PCR) angi other amplification technologies which allow researchers to amplify exponentially a specific
nucleic acid sequence before analysis (for a review, see Abramson et al., Current Opinion in
Biotechnology, 4:41-47 (1993)).

Specificity, in contrast, remains a problem in many currently available gene probe assays. The extent
of molecular complementarity between probe and target defines the specificity of the interaction.
Variations in the concentrations of probes, of targets and of salts in the hybridization medium, in the
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reaction temperature, and in the length of the probe may alter or influence the specificity of the
probeftarget interaction.

it may be possible under some limited circumstances to distinguish targets with perfect
complementarity from targets with mismatches, although this is generally very difficult using traditional
technology, since small variations in the reaction conditions will alter the hybridization. New
experimental techniques for mismatch detection with standard probes include DNA ligation assays
where single point mismatches prevent ligation and probe digestion assays in which mismatches
Create sites for probe cleavage.

Finally, the automation of gene probe assays remains an area in which current technologies are
lacking. Such assays generally rely on the hybridization of a labelied probe to a target sequence
followed by the separation of the unhybridized free probe. This separation is generally achieved by gel
electrophoresis or solid phase capture and washing of the target DNA, and is génerally quite difficult to
autemate easily.

The time consuming nature of these separation steps has led to two distinct avenues of development.
One involves the development of high-speed, high-throughput automatable electrophoretic and other
separation techniques. The other involves the development of non-separation homogeneous gene
probe assays.

Several techniques have been developed which Serve as signal amplification technologies for the
detection of nucleic acids. “Branched DNA” signal amplification relies on the synthesis of branched
nucleic acids, containing a multiplicity of nucleic acid “arms” that function to increase the amount of
label that can be put onto one probe. This technology is generally described in U.S. Patent Nos.
5,681,702, 5,597,909, 5,545,730, 5,594,117, 5,591,584, 5,571,670, 5,580,731, 5,571,670, 5,591,584,
5,624,802, 5,635,352, 5,594,118, 5,359,100, 5,124,246 and 5,681,697, all of which are hereby
incorporated by reference.

to a single molecule, using a similar idea but different compositions. This technology is as described
in U.S. Patent No. 5,175,270 and Nilsen et al., J. Theor. Biol. 187:273 ( 1997), both of which are
incorporated herein by reference.

PCT applications WO 95/15971, PCT/US96/097689, PCT/US97/09738, WO86/40712 and W098/20162
describe novel compositions comprising nucleic acids containing electron transfer moieties, including
electrodes, which allow for novel detection methods of nucleic acid hybridization.
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SUMMARY OF THE INVENTION

In accordance with the objects outlined above, the pfesent invention provides compositions comprising
electrodes comprising a monolayer comprising conductive oligomers, and a capture probe. The
composition further comprises a target sequence comprising a first portion that is capable of
hybridizing to the capture probe, and a second portion that does not hybridize to the capture probe
and comprises at least one covalently attached electron transfer moiety.

In an additional aspect, the invention provides compositions comprising electrodes comprising a
monolayer comprising conductive oligomers, and a capture probe. The compositions further comprise
a labe! probe comprising a first portion that is capable of hybridizing to a component of an assay
complex, and a second bortion comprising a recruitment linker that does not hybridize to a component
of an assay complex and comprises at least one covalently attached electron transfer moiety.

in a further embodiment, the invention provides methods of detecting a target nucleic acid sequence in

a test sample comprising attaching said target sequence to an electrode comprising a monolayer of

conductive oligomers. Label probes are directly or indirectly attached to the target sequence to form
an assay complex, wherein the label probe comprises a first portion capable of hybridizing to a
component of the assay complex, and a second portion comprising a recruitment linker that does not
hybridize to a component of the assay complex and comprises at least one covalently attached
electron transfer moiety. The method further comprises detecting electron transfer between said ETM
and said electrode.

In a further aspect, the'methods comprise attaching a target sequence to an electrode, and directly or
indirectly attaching a first portion of at least one label probe containing at least one ETM to the target
sequence. The method further comprises detecting electron transfer between said ETM and said
electrode. The target sequence is attached to the electrode by (1) hybridization to a capture probe (2)
by hybridizing a first portion of the target sequence to a first capture extender probe, and hybridizing a
second portion of the first capture extender probe to a capture probe on the electrode, or (3)
hybridizing a first portion of the target sequence to a first portion of a first capture extender probe,
hybridizing a second portion of the first capture extender probe to a first portion of an capture probe on
the electrode, hybridizing a second portion of the target sequence to a first portion of a second capture
extender probe, and hybridizing a second portion of the second capture extender probe to a second
portion of the capture probe. '
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The label probe is attached to the target sequence by a variety of methods, including (1) hybridizing
said first portion of said label probe to a first portion-of the target sequence; (2) hybridizing a first
portion of an amplifier probe to a first portion of the target sequence, and hybridizing at least one
amplication sequence of the amplifier probe to the first portion of at least one label probe; (3)
hybridizing a first portion of a first label extender probe to a first portion of a target sequence,
hybridizing a second portion of the first label extender probe to a first portion of an amplifier probe,
and hybridizing at least one amplication sequence of the amplifier probe to the first portion of at least
one label probe; (4) hybridizing a first portion of a first label extender probe to a first portion of a target
sequence, hybridizing a second portion of the first label extender probe to a first portion of an amplifier
probe, hybridizing a first portion of 3 second label extender probe to a second portion of a target
sequence, hybridizing a second portion of the second label extender probe to a first portion of an
amplifier probe, and hybridizing at least one amplication sequence of the amplifier probe to the first
portion of at least one label probe.

Kits and apparatus comprising the compositions of the method are also provided.
BRIEF DESCRIFTION OF THE DRAWINGS

Figures 1A-10 depict depict a number of different compositions of the invention; the results are shown
in Example 1 and 2. Figure 1A depicts |, also referred to as P290. Figure 1B depicts I, also referred
to as P291. Figure 1C depicts I, also referred to as W31. Figure 1D depicts IV, also referred to as
N6. Figure 1E depicts V, also referred to as P292. Figure 1F depicts I, also referred to as €23,
Figure 1G depicts V|, also referred to as C15. Figure 1H depicts VIl also referred to as €95, Figure
11 depicts Y83. Figure 1J depicts another compound of the invention. Figure 1K depicts N11. Figure
1L depicts C131, with a phosphoramidite group and a DMT protecting group. Figure 1M depicts W38,
also with a phosphoramidite group and a DMT protecting group. Figure 1N depicts the commercially
available moiety that enables “branching” to occur, as its incorporation into a growing oligonucieotide
chain results in addition at both the DMT protected oxygens. Figure 10 depicts glen, also with a
phosphoramidite group and a DMT protecting group, that serves as a non-nucleic acid linker. Figures
1A to 1G and 1J are shown without the phosphoramidite and protecting groups (i.e. DMT) that are
readily adﬂed.

Figure 2 depicts the synthetic scheme of a preferred attachment of an ETM, in this case ferrocene, to
a nucleoside (in this case adenosine) via an oxo linkage to the ribose, forming the N6 compound of the
invention. '
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Figure 3 is similar to Figure 2 except that the nucleoside is cytidine, forming the W38 compound of the

invention.

Figure 4 depicts the synthetic scheme of a preferred attachment of an ETM, in this case ferrocene, to
a nucleoside via the phosphate, forming the Y63 compound of the invention.

Figure 5 depicts the synthetic scheme of a triphosphate nucleotide, in this case adenosine, with an
attached ETM, in this case ferrocene, via an oxo linkage to the ribose.

Figure 6 depicts the use of an activated carboxylate for the addition of a nucleic acid functionalized
with a primary amine to a pre-formed SAM.

Figure 7 depicts a schematic of the use of “universal” type gene chips, utilizing restriction
endonuclease sites.

Figures 8A and 8B depicts two phosphate attachments of conductive oligomers that can be used to
add the conductive oligomers at the 5' position, or any position.

Figure 9 depicts the synthesis of an insulator (C109) to the ribose of a nucleoside for attachment to an
electrode.

Figure 10 depicts the synthetic scheme of ethylene glycol terminated conductive oligomers.

Figures 11A, 11B and 11C depict the synthesis of three different “branch” points (in this case each
using adenosine as the base), to allow the addition of ETM polymers. Figure 11A depicts the
synthesis of the N17 compound of the invention. Figure 11B depicts the synthesis of the W30
compound, and Figure 11C depicts the synthesis of the N38 compound.

Figure 12 depicts a schematic of the synthesis of simultaneous incorporation of multiple ETMs into a
nucleic acid, using the N17 “branch” point nucleoside.

Figure 13 depicts a schematic of an alternate method of adding large numbers of ETMs
simultaneously to a nucleic acid using a “branch” point phosphoramidite, in this case utilizing three
branch points (although two branch points are aiso possible; see for example Figure 1N) as is known
in the art. As will be appreciated by those in the art, each end point can contain any number of ETMs.’
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Figure 14 shows a representative hairpin structure. 500 is g target binding sequence, 510 s a loop
sequence, 520 is a self-complementary region, 530 is Substantially complementary to a detection
probe, and 530 is the “sticky end”, that is, a portion that does not hybridize to any other portion of the
probe, that‘co'ntains the ETMs.

Figures 15A, 158 and 15C depict three preferred embodiments for attaching a target sequence to the
electrode. Figure 15A depicts a target sequence 120 hybridized to a capture probe 100 linked via a
attachment linker 106, which as outlined herein may be either a conductive oligomer or an insulator.
The electrode 105 comprises a monolayer of passivation agent 107, which can comprise conductive
oligomers (herein depicted as 108) and/or insulators (herein depicted as 109). As for all the .
embodiments depicted in the figures, n is an integer of at least 1, although as will be appreciated by
those in the art, the system may not utilize a capture probe at al (.e. n is zero), although this is
generally not preferred. The upper limit of n will depend on the length of the target sequence and the
required sensitivity. Figure 158 depicts the use of a single capture extender probe 110 with a first
portion 111 that will hybridize to a first portion of the target sequence 120 and a second portion that
will hybridize to the capture probe 100. Figure 15C depicts the use of two Capture extender probes
110 and 130. The first capture extender probe 110 has a first portion 111 that will hybridize to a first
portion of the target sequence 120 and a second portion 112 that will hybridize to a first portion 102 of
the capture probe 100. The second capture extender probe 130 has a first portion 132 that will
hybridize to a second portion_of the target sequence 120 and a second portion 131 that will hybridize
to a second portion 101 of the capture probe 100. As will be appreciated by those in the ant, any of
these attachment configurations may be used with any of the other systems, including the
embodimehts of Figure 16.

Figures 16A, 168, 16C, 16D, 16E, 4F and 4G depict some of the embodiments of the invention. All of
the monolayers depicted herein show the presence of both conductive oligomers 108 and insulators
107 in roughly a 1:1 ratio, although as discussed herein, a variety of different ratios may be used, or
the insulator may be completely absént. In addition, as will be appreciated by those in the art, any one
of these structures may be repeated for a particular target sequence; that is, for long targét
Sequences, there may be multiple assay complexes formed. Additionally, any of the electrode-
attachment embodiments of Figure 15 may be used in any of these systems.

Figures 16A, 16B and 16D have the target sequence 120 containing the ETMs 135; as discussed
herein, these may be added enzymatically, for exarhple during a PCR reaction using nucleotides
modified with ETMs, resulting in essentially random incorporation throughout the target sequence, or -
added to the terminus of the target sequence. Figure 16C depicts the use of two different capture
probes 100 and 100", that hybridize to different portions of the target sequence 120. As will be

6
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appreciated by those in the art, the 5'-3' orientation of the two capture probes in this embodiment is
different.

Figure 16C depicts the use of label probes 145 that hybridize directly to the target sequence 120.
Figure 16C shows the use of a label probe 145, comprising a first portion 141 that hybridizes to a
portion of the target sequence 120, a second portion 142 comprising ETMs 135,

Figures 16E, 16F and 16G depict systems utilizing label probes 145 that do not hybridize directly to
the target, but rather to amplifier probes that are directly (Figure 16E) or indirectly (Figures 16F and
16G) hybridized to the target sequence. Figure 16E utilizes an amplifier probe 150 has a first portion
151 that hybridizes to the target sequence 120 and at least one second portion 152, i.e. the amplifier
sequence, that hybridizes to the first portion 141 of the label probe. Figure 16F is similar, except that

‘afirst label extender probe 160 is used, comprising a first portion 161 that hybridizes to the target

sequence 120 and a second portion 162 that hybridizes to a first portion 151 of ampilifier probe 150. A
second portion 152 of the amplifier probe 150 hybridizes to a first portion 141 of the label probe 140,
which also comprises a recruitment linker 142 comprising ETMs 135. Figure 16G adds a second label

-extender probe 170, with a first pertien 171 that hybridizes to a portion of the target sequence 120 and

a-second portion that hybridizes to a portion of the amplifier probe.

-

Figure 16H depicts a system that utilizes multiple label probes. The first portion 141 of the label probe
140 can hybridize to all or part of the recruitment linker 142,

Figures 17A, 17B, 17C, 17D and 17E depict different possible configurations of label probes and
attachments of ETMs. In Figures 17A-C, the recruitment linker is nucleic acid; in Figures 17D and E,

* isis not. A = nucleoside replacement; B = attachment to a base; C = attachment to a ribose; D =

attachment to a phosphate; E = metallocene polymer (although as described herein, this can be a
polymer of other ETMs as well), attached to a base, ribose or phosphate (or other backbone analogs);
F = dendrimer structure, attached via a base, ribose or phosphate (or other backbone analogs); G =
attachment via a “branching” structure, through base, ribose or phosphate (or other backbone
analogs); .H = attachment of metallocene (or other ETM) polymers; | = attachment via a dendrimer
structure; J = attachment using standard linkers.

Figure 18 depicts an improvement utilizing a stem-loop probe. This can be desirable as it creates
torsional strain on the surface-bound probe, which has been shown to increase binding efficiency and
in some cases thermodynamic stability. In this case, the surface bound probe comprises a capture
probe 100, a first stem-loop sequence 550, a target binding sequence §60, and a second stem-loop
sequence 570 that is substantially complementary to the first stem-loop sequence. Upon addition of
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the target sequence 120, which can contain the ETMs 135 either directly or indirectly using a label
probe 145, the effective concentration of the target at the surface increases.

Figures 19A-19AA depict some of the Sequences used in Example 1.

Figures 20A - 200 depict representative scans from the experiments outlined in Example 1. Unless
otherwise noted, all scans were run at initial voltage -0.11 V., final voltage 0.5 V, with points taken
every 10 mV, amplitude of 0.025, frequency of 10 Hz, a sample period of 1 sec, a quiet time of 2 sec.
Figure 20A has a peak potential of 0.160 V, a peak current of 1.092 X 10° A, and a peak A of 7.563 X
10"° VA Figure 20C has a peak potential of 0.190 V, a peak current of 2.046 X 107 A, and a peak
area of 2.046 X 10 VA. Figure 20d has a peak potential of 0.190 V, a peak current of 3.552 X 10® A,
and a peak A of 3.568 X 10 VA, Figure 20E has a peak Potential of 0.190 V, a peak current of 2.3762
X107 A, 'and a peak area of 2,594 X 10 VA. Figure 20F has a peak potential of 0.180 V, a peak
current of 2.992 X 10 A, and a peak area of 2,709 X 10° VA Figure 20G has a peak potential of
0.150 V, a peak current 0f1.484 X 107 A, and a peak area of 1.1 X 10° VA Figure 20H has a peak
potential of 0.160 V, a peak current of 1.967 X 10® A, and a peak area of 1.443 X 10° VA. Figure 20l
has a peak potential of 0.150 V. a peak current of 8.031 X 10 A, and a peak area of 6.033 X 10 VA.
Figure 20J has a peak potential of 0.150 V, a peak current of 8.871X 10 A, and a peak area of 5.51 X
10" VA. Figure 20L has a peak potential of 0.140 V, a peak current of 2.449 X 102 A, and a peak
area of 1.706 X 10° VA. Figure 20M has a peak potential of 0.150 V, a peak current of 6.637 X 10° A,
and a peak area of 7.335 X 10 VA, Figure 20N has a peak potential of 0.140 V, a peak current of
2.877 X 10° A, and a peak area of 2.056 X 10" vA, '

Figure 21 depicts the ligation chain reaction (LCR) experiment of Example 13,

Figures 22A and 22B depicts the results of Example 12. The “hybrid code” refers to the system
number; + and - refer to the presence or absence of the rRNA target.

Figdres 23A, 23B, 23C, 23D, 23E and 23F depict the compositions and results of Example 13.
Figures 24A and 24B depict the compositions and results from Example 13.
Figures 25A and 258 depict the set up of two of the experiments of Example 8.

Figure 26 shows the results of a PCR experiment as outlined in Example 9.
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. DETAILED DESCRIPTION OF THE INVENTION

The field of nucleic acid detection, particularly in array formats, is rapidly expanding, with fluorescent
based detection systems being the most common. in addition, recent and novel work has utilized
detection based on electron transfer; see U.S. Pat. No. 5,591,578. This electron transfer detection is
based on the finding that electron transfer can proceed through the stacked n orbitals (the “n-way”) of
the heterocyclic bases of double stranded (hybridized) nucleic acid, thus allowing differentiation
between single stranded and double stranded nucleic acids. Thus, nucleic acids are made that
contain covalently attached ETMs, which, upon hybridization to a complementary strand, allows
electron transfer to occur between the ETMs via the “n-way”, and thus resulting in detection of a target
sequence. Further improvements on the system, described in PCT US97/20014, allows the
attachment of nucleic acids to electrodes using conductive oligomers, i.e. chemical “wires”, such that
upon formation of double stranded nucleic acids containing ETMs, electron transfer can proceed
between the ETM and the electrode, thus enabling electronic detection of target nucleic acids. This
previous work also reported on the use of self-assembled monolayers (SAMs) to electronically shield
the electrodes from solution components and significantly decrease the amount of non-specific binding
to the electrodes.

The present invention is directed to the discovery that the presence or absence of the ETMs can be
directly detected using conductive oligomers; that is, the electrons from the ETMs need not travel
through the stacked i orbitals in order to generate a signal. Instead, the presence of ETMs on the
surface of a SAM, that comprises conductive oligomers, can be directly detected. Thus, upon
hybridization of a target sequence, a label probe comprising an ETM is brought to the surface, and
detection of the ETM can proceed, putatively through the conductive oligomer to the electrode.
Essentially, the role of the SAM comprising the conductive oligomers is to “raise” the electronic surface
of the electrode, while still providing the benefits of shielding the electrode from solution components
and reducing the amount of non-specific binding to the electrodes. Viewed differently, the role of the
nucleic acids is to provide specificity for a recruitment of ETMs to the surface, where they can be
detected using conductive oligomers with electronically exposed termini.

Accordingly, the present invention provides methods and combositions useful in the detection of
nucleic acids. As will be appreciated by those in the art, the compositions of the invention can take on
a wide variety of configurations, as is generally outiined in the Figures. As is more fully outlined below,
preferred systems of the invention work as follows. A target nucleic acid sequence is attached (via
hybridization) to an electrode comprising a monolayer including conductive oligomers. This
attachment can be either directly to a capture probe on the surface, or indirectly, using capture
extender probes. A label probe is then added, forming an assay complex, that has a first portion that
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is capable of hybridizing to a component of the assay complex, and a second portion that does not
hybridize to a component of the assay complex and contains at least one covalently attached ETM.
The attachment of the label probe may be direct (i.e. hybridization to a portion of the target sequence),
or indirect (i.e. hybridization to an amplifier probe that hybridizes to the targét sequence), with all the
required nucleic acids forming an assay complex. As a result of the hybridization of the first portion of
the label probe, the second portion of the label probé. the “recruitment linker”, containing the ETMs is
brought into spatial proximity of the conductive oligomer surface on the electrode, and the presence of
the ETM can then be detected electronically.

Thus, in a preferred embodiment, the compositions comprise an electrode comprising a monolayer.
By “electrode” herein is meant a composition, which, when connected to an electronic device, is able
to sense a current or charge and convertitto a signal. Alternatively an electrode can be defined és a
composition which can apply a potential to and/or pass electrons to or from species in the solution.
Thus, an electrode is an ETM as described herein. Preferred electodes are known in the art and
include, but are not limited to, certain metals and their oxides, including gold; platinum; palladium:
silicon; aluminum; metal oxide elecfrodes including platinum oxide, titanium oxide, tin oxide, indium tin
oxide, palladium oxide, silicon oxide, aluminum oxide, molybdenum oxide {Mo,0s), tungsten oxide
{WO,).and ruthenium oxides;.and carbon (including glassy carbon electrodes, graphite and carbon
paste). Preferred electrodes include gold, silicon, carbon and metal oxide electrodes, with gold being
particularly preferred. |

The electrodes described herein are depicted as a flat surface, which is only one of the possible
conformations of the electrode and is for schematic purposes only. The conformation of the electrode
will vary with the detection method used. For example, flat planar electrodes may be preferred for
optical detection methods, or when arrays of nucleic acids are made, thus requiring addressable
locations for both synthesis and detection. Alternatively, for single probe analysis, the electrode may
be in the form of a tube, with the SAMs comprising conductive oligomers and nucleic acids bound to

to a small volume of sample.

The elect:-'ode comprises a monolayer, comprising conductive oligomers. By “monolayer” or “self-
assembled monolayer’ or “SAM” herein is meant a relatively ordered assembly of molecules
spontaneously chemisorbed on a surface, in which the molecules are oriented approximately paraligl )
to each other and roughly perpendicular to the surface. Each of the molecules includes a functional
group that adheres to the surface, and a portion that interacts with neighboring molecules in the
monolayer to form the relatively ordered array. A “mixed” monolayer comprises a heterogeneous
monolayer, that is, where at least two different molecules make up the monolayer. The SAM may

10
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comprise conductive oligomers alone, or a mixture of conductive oligomers and insulators. As outlined
herein, the efficiency of oligonucleotide hybridization may increase when the oligonucieotide is at a
distance from the electrode. Similarly, non-specific binding of biomolecules, including the nucleic
acids, to an electrode is generally reduced when a monolayer is present. Thus, a monolayer facilitates
the maintenance of the nucleic acid away from the electrode surface. In addition, a monolayer serves
to keep charge carriers away from the surface of the electrode. Thus, this layer helps to prevent
electrical contact between the electrodes and the ETMs, or between the electrode and charged
species within the solvent. Such contact can result in a direct “short circuit” or an indirect short circuit
via charged species which may be present in the sample. Accordingly, the monolayer is preferably
tightly packed in a uniform layer on the electrode surface, such that a minimum of “holes” exist. The
monolayer thus serves as a physical barrier to block solvent accesibility to the electrode.

In a preferred embediment, the monolayer comprises conductive oligomers. By “conductive oligomer”
herein is meant a substantially conducting oligomer, preferably linear, some embodiments of which are
referred to in the literature as “molecular wires”. By “substantially conducting” herein is meant that the
oligomer is capable of transfering electrons at 100 Hz. Generally, the conductive oligomer has
substantially overlapping ri-orbitals, i.e. conjugated n-orbitals, as between the monomeric units of the
conductive oligomer, although the conductive oligomer may also contain one or more sigma () bonds.
Additionally, a conductive oligomer may be defined functionally by its ability to inject or receivé
electrons into or from an associated ETM. Furthermore, the conductive oligomer is more conductive
than the insulators as defined herein. Additionally, the conducti\)e oligomers of the invention are to be
distinguished from electroactive polymers, that themselves may donate or accept electrons. '

In a preferred embodiment, the conductive oligomers have a conductivity, S, of frém between about
10 to about 10* 'cm™, with from about 10 to about 10° Q"'cm”* being preferred, with these S values
being calculated for molecules ranging from about 20A. to about 200A. As described below, insulators
have a conductivity S of about 107 Q'cm or lower, with less than about 10° (*cm™ being preferred.
See generally Gardner et al., Sensors and Actuators A 51 (1995) 57-66, incorporated herein by
reference.

Desired characteristics of a conductive oligomer include high conductivity, sufficient solubility in
organic solvents and/or water for synthesis and use of the compositions of the invention, and
preferably chemical resistance to reactions that occur i) during nucleic acid synthesis (such that
nucleosides containing the conductive oligomers may be added to a nucleic acid synthesizer during
the synthesis of the compositions of the invention), ii) during the attachment of the conductive oligomer
to an electrode, or iii) during hybridization assays. In addition, conductive oligomers that will promote
the formation of self-assembled monolayers are preferred.
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The oligomers of the invention comprise at least two monomeric subunits, as described herein. As is
described more fully below, oligomers include homo- and hetero-oligomers, and include polymers.

In a preferred embodiment, the conductive oligomer has the structure depicted in Structure 1:
' Structure 1

AW

As will be understood by those in the art, all of the structures depicted herein may have additional
atoms or structures; i.e. the conductive oligomer of Structure 1 may be attached to ETMs, such as
electrodes, transition metal complexes, organic ETMs, and metallocenes, and to nucleic acids, or to
several of these. Unless otherwise noted, the conductive oligomers depicted herein will be attached at
the left side to an electrode; that is, as depicted in Structure 1, the left “Y” is connected to the electrode
as described herein. If the conductive oligomer is to be attached to a nucleic acid, the right “Y", if
present,v is attached to the nucleic acid, either directly or through the use of a linker, as is described
herein. s

In this embodiment, Y is an aromatic group, n is an integer from 1 to 50, g is either 1 or zero, e is an
integer from zero to 10, and m is zero or . ‘When gis 1, B-Dis a bond able to conjugate with

neighboring bonds (herein referred toas a “conjugated-boind”), preferably selected from acetylene, B-

D is a conjugated bond, preferably selected from acetylene, alkene, substituted alkene, amide, azo, -
C=N- (including -N=C-, -CR=N- and -N=CR-), -Si=Si-, and -Si=C- (including -C=Si-, -Si=CR- and -
CR=Si-). When gis zero, e is preferably 1, D is preferably carbony!, or a heteroatom moiety, wherein
the heteroatom is selected from oxygen, sulfur, nitrogen, silicon or phosphorus. Thus, suitable
heteroatom moieties include, but are not limited to, -NH and -NR, wherein R is as defined herein;
substituted sulfur; suffonyl (-SO,-) sulfoxide (-80-); phosphine oxide (-PO- and -RPO-); and
thiophosphine (-PS- and -RPS-). However, when the conductive oligomer is to be attached to a gold
electrode, as outlined below, sulfur derivatives are not preferred.

By "aromgtic group” or grammatical equivalents herein is meant an aromatic monocyclic or polycyclic
hydrocarbon moiety generally containing 5 to 14 carbon atoms (although larger polycyciic rings
structures may be made) and any carbocylic ketone or thioketone derivative thereof, wherein the
carbon atom with the free valence is a member of an aromatic ring. Aromatic groups include arylene
groups and aromatic groups with more than two atoms removed. For the purposes of this application
aromatic includes heterocycle. “Heterdcycle" or “heteroaryl” means an aromatic group wherein 1to'5°
of the indicated carbon atoms are replaced by a heteroatom chosen from nitrogen, oxygen, sulfur,
phosphorus, boron and silicon wherein the atom with the free valence is a member of an aromatic ring,
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and any heterocyclic ketone and thioketone derivative thereof. Thus, heterocycle includes thienyl,
furyl, pyrrolyl, pyrimidinyl, oxalyl, indolyl, purinyl, quinolyl, isoquinalyl, thiazolyl, imidozyl, etc.

Importantly, the Y aromatic groups of the conductive oligomer may be different, i.e. the conductive
oligomer may be a heterooligomer. That is, a conductive oligomer may comprise a oligomer of a
single type of Y groups, or of multiple types of Y groups. '

The aromatfc group may be substituted with a substitution group, generally depicted herein as R. R
groups may be added as necessary to affect the packing of the conductive oligomers, i.e. R groups
may be used to alter the association of the oligomers in the monolayer. R groups may also be added
to 1) alter the solubility of the oligomer or of compositions containing the oligomers; 2) alter the
conjugation or electrochemical potential of the system; and 3) alter the charge or characteristics at the
surface of the monolayer.

Ina preferréd embodiment, when the conductive oligomer is greater than three subunits, R groups are
preferred to increase solubility when solution synthesis is done. However, the R groups, and their
positions, are chosen to minimally effect the packing of the conductive oligomers on a surface,
particularly within a monolayer, as described below. In general, only small R groups are used within
the monolayer, with larger R groups generally above the surface of the monolayer. Thus for example
the attachment of methy! groups to the portion of the conductive oligomer within the monolayer to
increase solubility is preferred, with attachment of longer alkoxy groups, for example, C3 to C10, is
preferably done above the monolayer surface. In general, for the systems described herein, this
generally means that attachment of sterically significant R groups is not done on any of the first two or
three oligomer subunits, depending on the average length of the molecules making up the monolayer.

Suitable R groups include, but are not limited to, hydrogen, alkyl, aicohol, aromatic, amino, amido,
nitrb, ethers, esters, aldehydes, sulfonyl, silicon moieties, halogens, sulfur containing moieties,
phosphorus containing nioieties, and ethylene glycols. In the structures depicted herein, R is
hydrogen when the position is unsubstituted. It should be noted that some positions may allow two
substitution groups, R and R’, in which case the R and R’ groups may be either the same or different.

By "alkyl group” or grammatical equivalents herein is meant a straight or branched chain alky! group,
with straight chain alkyl groups being preferred. If branched, it may be branched at one or more
positions, and unless specified, at any position. The alkyl group may range from about 1 to about 30
carbon atoms (C1 -C30), with a preferred embodiment utilizing from about 1 to about 20 carbon atoms’
(C1 -C20), with about C1 through about C12 to about C15 being preferred, and C1 to C5 being
particularly preferred, although in some embodiments the alkyl group may be much larger. Also
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included within the definition of an alkyl group are cycloalkyl groups such as C5 and C6 rings, and
heterocyclic rings with nitrogen, oxygen, sulfur or phosphorus. Alkyl also includes heteroalkyl, with
heteroatoms of sulfur, oxygen, nitrogen, and silicone being preferred. Alkyl includes substituted alky!
groups. By “substituted alkyl group” herein is meant an alkyl group further comprising one or more
substitution moieties “R”, as defined above.

By “amino groups” or grammatical equivalents herein is meant -NH,, -NHR and -NR, groups, with R
being as defined herein.

By “nitro group” herein is meant an -NO, group.

By “sulfur containing moieties” herein is meant compounds containing sulfur atoms, including but not
limited to, thia-, thio- and sulfo- compounds, thiols (-SH and -SR), and sulfides (-RSR-). By
“phosphorus containing moieties” herein is meant compounds containing phosphorus, including, but
not limited to, phosphines and phosphates. By "silicon containing moieties” herein is meant

compounds containing silicon.

By “ether” herein is meant an -O-R group. Preferred ethers include alkoxy groups, with -O-(CH,),CH,
and -O-(CH,),CH, being preferred. '

By “ester” herein is meant a -COOR group.

By “halogen” herein is meant bromine, iodine, chlorine, or fiuorine. Preferred substituted alkyls are
partially or fully halogenated alkyls such as CF,, etc.

By “aldehyde” herein is meant -RCHO groups. -

By “alcohol” herein is meant -OH groups, and alkyl alcohols -ROH.

By “amidg” herein is meant -RCONH- or RCONR- groups.

By “ethylene glycol” or “(poly)ethylene glycol” herein is meant a ~(0-CH,-CH,),- group, although each
carbon atom of the ethylene group may also be singly or doubly substituted, i.e. -(O-CR,-CR,),-, with -

R as described above. Ethylene glycol derivatives with other heteroatoms in place of oxygen (i.e. -(N-
CH,-CH,),- or «(S-CH,-CH,),-, or with substitution groups) are also preferred. o
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Preferred substitution groups include, but are not limited to, methyl, ethyl, propyl, alkoxy groups such
as -0-(CH,),CH, and -O-(CH,),CH, and ethyiene glycol and derivatives thereof.

Preferred aromatic groups include, but are not limited to, phenyl, naphthyl, naphthalene, anthracene,
phenanthroline, pyrole, pyridine, thiophene, porphyrins, and substituted derivatives of each of these,

included fused ring derivatives.

In the conductive oligomers depicted herein, when g is 1, B-D is a bond linking two atoms or chemical
moieties. In a preferred embodiment, B-D is a conjugated bond, containing overlapping or conjugated
n-orbitals.

. Preferred B-D bonds are selected from acetylene (-C=C-, also called alkyne or ethyne), alkene (-

CH=CH-, also called ethylene), substituted alkene (-CR=CR-, -CH=CR- and -CR=CH-), amide (-NH-
CO- and -NR-CO- or -CO-NH- and -CO-NR-), azo (-N=N-), esters and thioesters (-CO-O-, -0-CO-, -
CS-O- and -O-CS-) and other conjugated bonds such as (-CH=N-, -CR=N-, -N=CH- and -N=CR-), (-
SiH=SiH-, -SiR=S8iH-, -SiR=SiH-, and -SiR=SiR-), (-SiH=CH-, -SiR=CH-, -SiH=CR-, -SiR=CR-, -
CH=SiH-, -CR=SiH-, -CH=SiR-, and -CR=SiR-). Particularly preferred B-D bonds are acetylene,
alkene, amide, and substituted derivatives of these three, and azo. Especially preferred B-D bonds
are acetylene, alkene and amide. The oligomer components attached to double bonds may be in the’
trans or cis conformation, or mixtures. Thus, either B or D may include carbon, ‘nitrogen or silicon.
The substitution groups are as-defined as above for R. '

When g=0 in the Structure 1 conductive oligomer, e is preferably 1 and the D moiety may be carbony!
or a heteroatom moiety as defined above.

As above for the Y rings, within any single conductive oligomer, the B-D bonds (or D moieties, when
g=0) may be all the same, or at least one may be different. For example, when m is zero, the terminal
B-D bond may be an amide bond, and the rest of the B-D bonds may be acetylene bonds. Generally,
when amide bonds are present, as few amide bonds as possible are preferable, butin some
embodimgnts all the B-D bonds are amide bonds. Thus, as outlined above for the Y rings, one type of
B-D bond may be present in the conductive oligomer within a monolayer as described below, and
another type above.the monolayer level, for example to give greater flexibility for nucleic acid
hybridization when the nucleic acid is attached via a conductive oligomer.

In the structures depicted herein, n is an integer from 1 to 50, although longer oligomers may also be
used (see for example Schumm et al., Angew. Chem. Int. Ed. Engl. 1994 33(1 3):1360). Without

being bound by theory, it appears that for efficient hybridization of nucleic acids on a surface, the
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hybridization should occur at a distance from the surface, i.e. the kinetics of hybridization increase as
a function of the distance from the surface, particularty for long cligonucleotides of 200 to 300
basepairs. Accordingly, when a nucleic acid is attached via a conductive oligomer, as is more fully
described below, the length of the conductive oligomer is such that the closest nucleotide of the
nucleic acid is positioned from about 64 to about 100A (although distances of up to 500A may be
used) from the electrode surface, with from about 15A to about 60A being preferred and from about
25A to about 60A also being preferred. Accordingly, n will depend on the size of the aromatic group,
but generally will be from about 1 to about 20, with from about 2 to about 15 being preferred and from
about 3 to about 10 being especially preferred.

viaa linker. In some embodiments, for example when the conductive oligomer is attached to a
phosphate of the ribose-phosphate backbone of a nucleic acid, there may be additional atoms, such
as a linker, attached between the conductive oligomer and the nucleic acid. Additionally, as outlined
below, the D atom may be the nitrogen atom of the amino-modified ribose. Alternatively, when m is 1,
the conductive oligomer may terminate in Y, an aromatic group, i.e. the aromatic group is attached to
the nucleic acid or linker.

As will be appreciated by.those in the art, 5 large number of possible conductive oligomers may be
utilized. These include conductive oligomers falling within the Structure 1 and Structure 8 formulas, as
well as other conductive oligomers, as are generally known in the art, including for example,
compounds comprising fused aromatic rings or Teflon®-like oligomers, such as ~(CF)y-, -(CHF),- and
-(CFR),-. See for example, Schumm et al,, Angew. Chem. Intl. Ed. Engl. 33:1361 (1994);Grosshenny
et al.,, Platinum Metals Rey. 40(1):26-35 (1996); Tour, Chem. Rev. 96:537-553 (1996); Hsung et al.,
Organometaliics 14:4808-4815 (1 995; and references cited therein, all of which are expressly
incorporated by reference. ’

Particularly preferred conductive oligomers of this embodiment are depicted below:

Structure 2
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pyridine; eis 1, B-D is acetylene and Y is pheny! or substituted phenyl (see Structure 4 below). A
preferred embodiment of Structure 2 is also when e is one, depicted as Structure 3 below:
Structure 3

)

Preferred embodiments of Structure 3 are: Y is phenyl or substituted phenyl and B-D is azo; Y is
pheny! or substituted phenyl and B-D is acetylene; Y is phenyl or substituted phenyl and B-D is alkene;
Y is pyridine or substituted pyridine and B-D is acetylene; Y is thiophene or substituted thiophene and
B-D is acetylene; Y is furan or substituted furan and B-D is acetylene; Y is thiophene or furan (or
substituted thiophene or furan) and B-D are alternating alkene and acetylene bonds.

Most of the structures depicted herein utilize a Structure 3 conductive'oligomer. However, any
Structure 3 oligomefs may be substituted with any of the other structures depicted herein, i.e.
Structure 1 or 8 oligomer, or other conducting oligomer, and the use of such Structure 3 depiction is
not meant to limit the scope of the invention.

Panicularly preferred embodiments of Structure 3 include Structures 4, 5, 6 and 7, depicted below:
Structure 4

VAT
VANV

Particularly preferred embodiments of Structure 4 include: n is two, m is one, and R is hydrogen; n is

three, m is zero, and R is hydrogen; and the use of R groups to increase solubility.

Structure 5

When the B-D bond is an amide bond, as in Structure 5, the conductive oligomers are pseudopeptide
oligomers_. Although the amide bond in Structure 5 is depicted with the carbonyl to the left, i.e. -
CONH-, the reverse may also be used, i.e. -NHCO-. Particularly preferred embodiments of Structure
5include: nis two, mis one, and R is hydrogen; n is three, m is zero, and R is hydrogen (in this
embodiment, the terminal nitrogen (the D atom) may be the nitrogen of the amino-modified ribose);
and the use of R groups ta increase solubility.
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Structure 6

Preferred embodiments of Structure 6 include the first n is two, second n is one, mis zero, and all R
groups are hydrogen, or the use of R groups to increase solubility.
Stmcture 7

Preferred embodiments of Structure 7 include: the first n is three, the second n is from 1-3, with m
being either 0 or 1, and the use of R groups to increase solubility.

In a preferred embodiment, the conductive oligomer has the structure depicted in Structure 8:
Structure 8

=

In this embndiment, C are carbon atoms, n is an integer from 1 to 50, mis 0 or 1, J is a heteroatom

-selected from the group consisting of oxygen, nitrogen, silicon, phosphorus, sulfur, carbonyl or .

sulfoxide, and G is a bond selected from alkane, alkene or acetylene, such that together with the two
carbon atoms the C-G-C group is an alkene {(-CH=CH-), substituted alkene (-CR=CR-) or mixtures
thereof (-CH=CR- or -CR=CH-), acetylene (-C=C-), or alkane (-CR,-CR,-, with R being either
hydrogen or a substitution group as described herein). The G bond of each subunit may be the same
or different than the G bonds of other subunits; that is, alternating oligomers of alkene and acetylene
bonds could be used, etc. However, when G is an alkane bond, the number of alkane bonds in the -
oligomer should be kept to a minimum, with about six or less sigma bonds per conductive oligomer
being preferred. Alkene bonds are preferred, and are generally depicted herein, although alkane and
acetylene bonds may be substituted in any structuré or embodiment described herein as will be
appreciated by those in the art,

In some embodiments, for example when ETMs are not present, if m=0 then at least one ofthe G
bonds is not an alkane bond.
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In a preferred embodiment, the m of Structure 8 is zero. In a particularly preferred embodiment, m is
zero and G is an alkene bond, as is depicted in Structure 9:
Structure 9

The alkene oligomer of structure 9, and others depicted herein, are generally depicted in the preferred
trans configuration, although oligomers of cis or mixtures of trans and cis may also be used. As
above, R groups may be added to alter the packing of the compositions on an electrode, the
hydrophilicity or hydrophobicity of the oligomer, and the flexibility, i.e. the rotational, torsional or
longitudinal flexibility of the oligomer. n is as defined above.

in a preferred embodiment, R is hydrogen, although R may be also alkyl groups and polyethylene

glycols or derivatives.

in an alternative embodiment, the conductive oligomer may be a mixture of different types of
oligomers, for example of structures 1 and 8.

In addition, the terminus of at least some of the conductive oligomers in the monolayer are
electronically exposed. By “electronically exposed” herein is meant that upon the placement of an
ETM in close proximity to the terminus, and after initiation with the appropriate signal, a signal
dependent on the presence of the ETM may be detected. The conductive oligomers may or may not
have terminal groups. Thus, in a preferred embodiment, there is no additional terminal group, and the
conductive oligomer terminates with one of the groups depicted in Structures 1 to 9; for example, a B-
D bond such as an acetylene bond. Alternatively, in a preferred embodiment, a terminal group is
added, sometimes depicted herein as “Q". A terminal group may be used for several reasons; for
example, to contribute to the electronic availability of the conductive oligomer for detection of ETMs, or
to alter the surface of the SAM for other reasons, for example to prevent non-specific binding. For
example, there may be negatively charged groups on the terminus to form a negatively charged
surface such that when the nucleic acid is DNA or RNA the nucleic acid is repelled or prevented from
lying down on the surface, to facilitate hybridization. Preferred terminal groups include -NH,, -OH, -
COOH, and alkyl groups such as -CH,, and (poly)alkyloxides such as (poly)ethylene glycol, with -
OCH,CH,0H, -(OCH,CH,0),H, (OCH,CH,0),H, and -(OCH,CH,0),H being preferred.
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for example, when nucleic acids are Covalently attached to the electrode using conductive oligomers, it
is possible to have one type of conductive oligomer used to attach the nucleic acid, and another type
functioning to detect the ETM. Similarly, it may be desirable to have mixtures of different lengths of
bonductive oligomers in the monolayer, to help reduce non-specific signals. Thus, for example,
preferred embodiments utilize conductive oligomers that terminate below the surface of the rest of the
monolayer, i.e. below the insulator layer, if used, or below some fraction of the other conductive
oligomers. Similarly, the use of different conductive oligorriers may be done to facilitate monolayer
formation, or to make monolayers with aitereq properties.

oligomers described herein.

" In apreferred embodiment, the insulators have a Conductivity, 8, of about 107 O'em” or fower, ‘with

less thamabout 10* Q-'cmy being preferred. See generally Gardrier st al., supra.

“heteroalkyl” herein is meant an alkyl group that has at least one heteroatom, i.e. nitrogen, oxygen,
sulfur, phosphorus, silicon or boron included in the chain. Alternatively, the insulator may be quite
similar to a conductive oligomer with the addition of one or more heteroatoms or bonds that serve to
inhibit or slow, preferably substantially, electron transfer,

Suitable insulators are known in the art, and include, but are not fimited t0, -(CH,),~, ~(CRH),-, and -
(CR,),~, ethylene glycol or derivatives using other heteroatoms in place of oxygen, i.e. nitrogen or

sulfur (sulfur derivatives are not preferred when the electrode is gold).

As for the conductive oligomers, the insulators may be substituted with R groups as defined herein to
alter the packing of the moieties or conductive oligomers on an electrode, the hydrophilicity or
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hydrophobicity of the insulator, and the flexibility, i.e. the rotational, torsional or longitudinal flexibility of
the insulator. For example, branched alkyl groups may be used. Similarly, the insulators may contain
terminal groups, as outlined above, particularly to influence the surface of the monolayer.

The length of the species making up the mondlayer will vary as needed. As outlined above, it appears
that hybridization is more efficient at a distance from the surface. The species to which nucleic acids
are attached (as outlined below, these can be either insulators or conductive oligomers) may be
basically the same length as the monolayer forming species or longer than them, resuiting in the
nucleic acids being more accessible to the solvent for hybridization. In some embodiments, the
conductive oligomers to which the nucleic acids are attached may be shorter than the monolayer.

As will be appreciated by those in the art, the actual combinations and ratios of the different species
making up the monolayer can vary widely. Generally, three component systems are preferred, with

- the first species comprising a nucleic acid containing species (i.e. a capture probe, that can be

attached to the electrode via either an insulator or a conductive oligomer, as is more fully described
below). The second species are the conductive oligomers, and the third species are insulators. In this
embodiment, the first species can comprise from about 90% to about 1%, with from about 20% to
about 40% being preferred, and from about 30% to about 40% being especially preferred for short
oligonucleotide targets and from about 10% to about 20% preferred for longer targets. The second
épecies can comprise from about 1% to about 90%, with from about 20% to about 90% being
preferred, and from about 40% to about 60% being especially preferred. The third species can

. comprise from about 1% to about 90%, with from about.20% to about 40% being preferred, and from

-about 15% to ahout 30% being especially preferred. Preferred ratios of first:second:third species are

2:2:1 for short targets, 1:3:1 for longer targets, with total thiol concentration in the 500 uM to 1 mM
range, and 833 uM being preferred. '

In a preferred embodiment, two component systems are used, comprising the first and second
species. In this embodiment, the first species can comprise from about 90% to about 1%, with from
about 1% to about 40% being preferred, and from about 10% to about 40% being especially preferred.
The second species can comprise from about 1% to about 90%, with from about 10% to about 60%
being preferred, and from about 20% to about 40% being especially preferred.

The covalent attachment of the conductive oligomers and insulators may be accomplished in a variety
of ways, depending on the electrode and the composition of the insulators and conductive oligomers
used. In a preferred embodiment, the attachment linkers with covalently attached nucleosides or
nucleic acids as depicted herein are covalently attached to an electrode. Thus, one end or terminus of
the attachment finker is attached to the nucleoside or nucleic acid, and the other is attached to an
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electrode. In some embodiments it may be desirable to have the attachment linker attached at a
position other than a terminus, or even to have a branched attachment linker that is attached to an
electrode at one terminus and to two or more nucleosides at other termini, although this is not
preferred. Similarly, the attachment linker may be attached at two sites to the electrode, as is generally
depicted in Structures 11-13. Generally.\some type of linker is used, as depicted below as “A” in
Structure 10,' where X" is the conductive ofigomer, “I” is an insulator and the hatched surface is the
electrode: ’

Structure 10

/]
/]
/]
/

A~—X

A

In this embodiment, A is a linker or atom. The choice of “A” will depend in part on the characteristics
of the electrode. Thus, for example, A may be a sulfur moiety when a gold electrode is used.
Alternatively, when metal oxide electrodes are used, A may be a silicon (silane) moiety attached to the
oxygen of the oxide (see for example Chen et al., Langmuir 10:3332-3337 (1994); Lenhard et al., J.
Electroanal. Chem. 78:195-201 (1977), both of which are expressly incorporated by reference). When
carbon based electrodes are used, A may be an amino moiety (preferably a primary amine; see for
example Deinhammer et al., Langmuir 10:1306-1313 (1é94)). Thus, preferred A moieties include, but
are not limited to, silane moieties, sulfur moieties (including alkyl sulfur moieties), and amino moieties.
In a preferred embodiment, epoxide type linkages with redox polymers such as are known in the art
are not used.

Although depicted herein as a single moiety, the insulators and conductive oligomers may be attached
to the electrode with more than one “A” moiety; the “A” moieties may be the same or different. Thus,
for example, when the electrode is a gold electrode, and “A” is a s>ulfur atom or moiety, muitiple sulfur
atoms méy be used to attach the conductive oligomer to the electrode, such as is generally depicted
below in Structures 11, 12 and 13. As will be appreciated by those in the art, other such structures
can be made. In Structures 11, 12 and 13, the A moiety is just a sulfur atom, but substituted sulfur
moieties may also be used.
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Structure 11

S
——SD\X orl

Structure 12

SIR
—$S

Xorl

Structure 13

%:Z>=<j“

It should also be noted that similar to Structure 13, it may be possible to have a a conductive oligomer
terminating in a single carbon atom with three sulfur moities attached to the electrode. Additionally,
although not always depicted herein, the conductive oligomers and insulators may also comprise a “‘Q”
terminal group.

In a preferred embodiment, the electrode is a gold electrode, and attachment is via‘a sulfur linkage as
is well known in the art, i.e. the A moiety is a sulfur atom or moiety. Although the exact 6haracteristics
of the gold-sulfur attachment are not known, this linkage is considered covalent for the purposes of
this invention. A representative structure is depicted in Structure 14, using the Structure 3 conductive
oligomer, although as for all the structures depicted herein, any of the conductive oligomers, or
combinations of conductive oligomers, may be used. Similarly, any of the conductive oligomers or
insulato.rs may also comprise terminal grodps as described herein. Structure 14 depicts the “A” linker
as comprising just a sulfur atom, although additional atoms may be present (i.e. linkers from the sulfur
to the conductive oligomer or substitution groups). In addition, Structure 14 shows the sulfur atom
attached to the Y aromatic group, but as will be appreciated by those in the art, it may be attached to
the B-D Qroup (i.e. an acetylene) as well.
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Structure 14
S—(—Y—B—D)—éY)—
n m

In a preferred embodiment, the electrode is a carbon electrode, i.e. a glassy carbon electrode, and
attachment is via a nitrogen of an amine group. A representative structure is depicted in Structure 15,
Again, additional atoms may be present, i.e. Z type linkers and/or terminal groups.

: Structure 15

”%Y—B—Daﬁ—{v)m—

Structure 16

* In a preferred embodiment, the electrode comprising the monolayer including conductive oligomers

further comprises a nucleic acid Capture probe. By “nucleic acid” or "oligonucleotide” or grammatical
equiv.alents herein means at least two nucleotides Covalently linked together. A nucleic acid of the
present invention will generally contain phosphodiester bonds, although in some cases, as outlined
below, nucleic acid analogs are included that may have alternate backbones, comprising, for
example, phosphoramide (Beaucage et al., Tetrahedron 49(10):1925 (1993) and references therein;
Letsinger, J. Org. Chem. 35:3800 (1970); Sprinz! et al., Eur. J. Biochem:. 81:579 ( 1977), Letsinger et
al., Nucl. Acids Res. 14:3487 (1986); Sawai et al, Chem. Lett. 805 (1984), Letsinger et al., J. Am.
Chem. Soc. 110:4470 (1888); and Pauwels etal.,, Chemica Scripta 26:141 91986)), phosphorothioate
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(Mag et al., Nucleic Acids Res. 19:1437 (1991); and U.S. Patent No. 5,644,048), phosphorodithioate
(Briuet al,, J. Am. Chem. Soc. 111:2321 (1989), O-methylphophoroamidite linkages (see Eckstein,
Oligonucleotides and Analogues: A Practical Approach, Oxford University Press), and peptide nucleic
acid backbones and linkages (see Egholm, J. Am. Chem. Soc. 114:1895 (1992); Meier et al., Chem.
Int. Ed. Engl. 31:1008 (1982); Nielsen, Nature, 365:566 (1993); Carlsson et al., Nature 380:207 (1996),
all of which are incorporated by reference). Other analog nucleic acids include those with positive
backbones (Denpcy et al., Proc. Natl. Acad. Sci. USA 92:6097 (1995); non-ionic backbones (U.S.

Patent Nos. 5,386,023, 5,637,684, 5,602,240, 5,216,141 and 4,469,863, Kiedrowshi et al., Angew.

Chem. Intl. Ed. English 30:423 (1991), Letsinger et al., J. Am. Chem. Soc. 110:4470 (1988); Letsinger
etal., Nucleoside & Nucleotide 13:1597 (1994); Chapters 2 and 3, ASC Symposium Series 580,
“Carbohydrate Modifications in Antisense Research”, Ed. Y.S. Sanghui and P. Dan Cook; Mesmaeker
et al., Bioorganic & Medicinal Chem. Lett. 4:395 (1994); Jeffs et al., J. Biomolecular NMR 34:17
(1994); Tetrahedron Lett. 37:743 (1996)) and non-ribose backbones, including those described in U.S.
Patent Nos. 5,235,033 and 5,034,506, and Chapters 6 and 7, ASC Symposium Series 586,
“Carbohydrate Modifications in Antisense Research”, Ed. Y.S. Sanghui and P. Dan Cook. Nucleic
acids containing one or more carbocyclic sugars are also included within the definition of nucleic acids
(see Jenkins et al., Chem. Soc. Rev. (1995) pp169-176). Several nucleic acid analogs are described
in Rawls, C & E News June 2, 1997 page 35. Al of these references are hereby expressly
incorporated by reference. These modifications of the ribose-phosphate backbone may be done to
facilitate the addition of ETMs, or to increase the stability and half-life of such molecules in
physiological environments.

As will be appreciated by those in the art, all of these nucleic acid aﬁalogs may find use in the present
invention. In addition, mixtures of naturally occurring nucleic acids and analogs can be made; for
example, at the site of conductive oligomer or ETM attachment, an analog structure may be used.
Alternatively, mixtures of different nucleic acid analogs, and mixtures of naturally occuring nucleic
acids and analogs may be made.

Particularly preferred are peptide nucleic acids (PNA) which includes peptide nucleic acid analogs.
These backbones are substantially non-ionic under neutral conditions, in contrast to the highly
chérged phosphodiester backbone of naturally occurring nucleic acids. This results in two
advantages. First, the PNA backbone exhibits improved hybridization kinetics. PNAs have larger
changes in the melting temperature (Tm) for mismatched versus perfectly matched basepairs. DNA
and RNA typically exhibit a 2-4°C drop in Tm for an internal mismatch. With the non-ionic PNA
backbone, the drop is closer to 7-9°C. This allows for better detection of mismatches. Similarly, due
to their non-ionic nature, hybridization of the bases attached to these backbones is relatively
insensitive to salt concentration. This ié particularly advantageous in the systems of the present
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invention, as a reduced salt hybridization solution has a lower Faradaic current than a physiological
salt solution (in the range of 150 mM).

The nucleic acids may be single stranded or double stranded, as specified, or contain portions of both
double stranded or single stranded sequence. The nucleic acid may be DNA, both genomic and
cDNA, RNA or a hybrid, where the nucleic acid contains any combination of deoxyribo- and ribo-
nucleotides, and any combination of bases, including uracil, adenine, thymine, cytosine, guanine,
inosine, xathanine hypoxathanine, isocytosine, isoguanine, etc. A preferred embodiment utilizes
isocytosine and isoguanine in nucleic acids designed to be complementary to other probes, rather
than target sequences, as this reduces non-specific hybridization, as is generally described in U.S.
Patent No. 5,681,702, As used herein, the term “nucleoside” includes nucleotides as well as
nucleoside and nucleotide analogs, and modified nucleosides such as amino modified nucleosides. In
addition, “nucleoside” includes non-naturally occuring analog structures. Thus for example the
individual units of a peptide nucleic acid, each containing a base, are referred to herein as a

nucleoside.,

The capture probe nucleic acid is covalently attached to the electrode. This attachment can be viaa
conductive oligomer or via an insulator. By “capture prebe” or “anchor probe” herein is meanta
component of an assay complex as defined herein that allows the attachment of a target sequence to
the electrode, for the purposes of detection. As is more fully outlined below, attachment of the target
Sequence to the capture probe may be direct (i.e. the target sequence hybridizes to the capture probe)
or indirect {one or more capture extender probes are used). By “covalently attached” herein is meant
that two moieties are attached by at least one bond, including sigma bonds, pi bonds and coordination
bonds. In addition, as is mare fully outlined betow, the capture probes may have both nucleic and non-
nucleic acid portians. Thus, for-exampie, flexible linkers such as alkyt groups, including polyethylene
glycol linkers, may be used to get the nucleic acid portion of the capture probe off the electrode
surface. This may be particularly useful when the target sequences are large, for example when
genomic DNA or rRNA is the target. The use of capture probes comprising flexible ethylene glycol
linkers is shown in Example 13.

The capture probe nucleic acid is covalently attached to the electrode, via an “attachment linker”, that
can be either a conductive oligomer or via an insulator. Thus, one end of the attachment linker is
attached to a nucleic acid, and the other eng (although as will be appreciated by those in the art it
need not be the exact terminus for either) is attached to the electrode. Thus, any of structures
depicted herein may further comprise a nucleic acid effectively as a terminai group. Thus, the present
invention provides compositions comprising nucleic acids covalently attached to electrodes asis
generally depicted below in Structure 17:
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Structure 17

Fy——(X orl) ——F; —nudleit acid

In Structure 17, the hatched marks on the left represent an electrode. X is a conductive oligomer and |
is an insulator as defined heréin. F, is a linkage that allows the covalent attachment of the electrode
and the conductive oligomer or insulator, including bonds, atoms or linkers such as is described
herein, for example as "A”, defined below. F, is a linkage that allows the covalent attachment of the
conductive oligomer or insulator to the nucleic acid, and may be a bond, an atom or a linkage as is
herein described. F, may be part of the conductive oligomer, part of the insulator, part of the nucleic
acid, or exogeneous to both, for example, as defined herein for “2”.

In a preferred embodiment, the capture probe nucleic acid is covalently attached to the electrode via a
conductive oligomer. The covalent attachment of the nucleic acid and the conductive oligomer may be
accomplished in several ways. In a preferred embodiment, the attachment is via attachment to the ‘
base of the nucleoside, via attachment to the backbone of the nucleic acid (either the ribose, the
phosphate, or to an analogous group of a nucleic acid analog backbone), or via a transition metal
ligand, as described below. The techniques outfined below are generally described for naturally
occuring nucleic acids, although as will be appreciated by those in the art, similar techniques may be
used with nucleic acid analogs.

In a preferred embodiment, the conductive oligomer is attached to the base of a nucleoside of the

. hucleic acid. This may be done in several ways, depending on the oligomer, as is described below. in

one embodiment, the oligomer is attached to a terminal nucleoside, i.e. either the 3' or 5' nucleoside of

the nucleic acid. Alternatively, the conductive oligomer is attached to an internal nucleoside.

The point of attachment to the base will vary with the base. Generally, attachment at any position is
possible. In some embodiments, for example when the probe containing the ETMs may be used for
hybridization, it is preferred to attach at positions not involved in hydrogen bonding to the
complementary base. Thus, for example, generally attachment is to the 5 or 6 position of pyrimidines
such as uridine, cytosine and thymine. For purines such as adenine and guanine, the linkage is
preferably via the 8 position. Attachment to non-standard bases is preferably done at the comparable
positions. ' o
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using a Structure 3 conductive oligomer and uridine as the base, although other bases and conductive
oligomers can be used as will be appreciated by those in the art:
Structure 18

—(v—s~o>n— vﬁd

phosphates or other groups such as aming groups attached. In addition, the pentose and nucleoside
structures depicted herein are depicted non-conventionally, as mirror images of the normal rendering.
In addition, the pentose and nucleoside structures may also contain additiona) groups, such as
protecting groups, at any position, for example as needed during synthesis.

Structure 19:

by L
‘L
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In this embodiment, Z is a linker. Preferably, Z is a short linker of about 1 to about 10 atoms, with from
1 to 5 atoms being preferred, that may or may not contain alkene, alkynyl, amine, amide, azo, imine,
etc., bonds. Linkers are known in the art; for example, homo-or hetero-bifunctional linkers as are well
known (see 1994 Pierce Chemical Company catalog, technical section on cross-linkers, pages
165-200, incorporated herein by reference). Preferred Z linkers include, but are not limited to, alkyl
groups (including substituted alkyl groups and alkyl groups containing heteroatom moieties), with short
alkyl groups, esters, amide, amine, epoxy groups and ethylene glycol and derivatives being preferred,
with propyl, acetylene, and C, alkene being especially preferred. Z may also be a sulfone group,
forming sulfonamide linkages as discussed below.

In a preferred embodiment, the attachment of the nucleic acid and the conductive oligomer is done via
attachment to the backbone of the nucleic acid. This may be done in a number of ways, including
attachment to a ribose of the ribose-phosphate backbone, or to the phosphate of the backbone, or
other groups of analogous backbones.

As a preliminary matter, it should be understood that the site of attachment in this embodiment may be

to a 3' or 5" terminal nucleotide, or to an internal nucleotide, as is more fully described below.

In a preferred embodiment, the conductive oligomer is attached to the ribose of the ribose-phosphate
backbone. This may be done in several ways. As is known in the art, nucleosides that are modified at
either the 2" or 3' position of the ribose with amino groups, sulfur groups, silicone groups, phosphorus
groups, or oxo groups can be made (Imazawa et al., J. Org. Chem., 44:2039 (1979); Hobbs et al., J.
Org. Chem. 42(4):714 (1977); Verheyden et al., J. Orrg. Chem. 36(2):250 (1971); McGee et al., J.
Org. Chem. 61:781-785 (1996); Mikhailopulo et al., Liebigs. Ann. Chem. 513-519 (1993); McGee et al.,
Nucleosides & Nucleotides-14(6):1323 (1995), all of which are incorporated by reference). These
modified nucleosides are then used tc add the conductive oligomers.

A preferred embodiment utilizes amino-modified nucleosides. These amino-modified riboses can then
be used to form either amide or amine linkages to the conductive oligomers. In a preferred
embodiment, the amino group is attached directly to the ribose, although as will be appreciated by
thosé in the art, short linkers such as those described herein for “Z” may be present between the
amino group and the ribose.

In a preferred embodiment, an amide linkage is used for attachment to the ribose. Preferably, if the -

conductive oligomer of Structures 1-3 is used, mis zero and thus the conductive oligomer terminates’

in the amide bond. In this embodiment, the nitrogen of the amino group of the amino-modified ribose
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is the “D" atom of the conductive oligomer. Thus, a preferred attachment of this embodiment is
depicted in Structure 20 (using the Structure 3 conductive oligomer):
Structure 20

In a preferred embodiment, a heteroatom linkage is used, j.e, Oxo, amine, sulfur, etc. A preferred
embodiment utilizes an amine linkage. -Again, as outlined above for the amide linkages, for amine
linkages, the nitrogen of the amino-modified ribose may be the “D" atom of the conductive oligomer
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Structures 23 and 24 depict naturally occurring phosphodiester bonds, although as those in the art will
appreciate, non-standard analogs of phosphodiester bonds may also be used.
Structure 23

base

i
—(Y—B——%—{Y)-(Z)-—P-——-O orS

n m |

T

In Structure 23, if the terminal Y is present (i.e. m=1), then preferably Z is not present (i.e. t=0). If the
terminal Y is not present, then Z is preferably present.

Structure 24 depicts a preferred embodiment, wherein the terminal B-D bond is an amide bond, the
terminal Y is not present, and Z is a linker, as defined herein.
Structure 24

base

[~

o o
—{v——s—-o}—v—!:l—n—z—t!=0us

n . |

I

In a preferred embodiment, the conductive oligomer is covalently attached to the nucleic acid via a
transition metal ligand. In this embodiment, the conductive oligomer is covalently attached to a ligand
which provides one or more of the coordination atoms for a transition metal. In one embodiment, the
ligand to which the conductive oligomer is attached also has the nucleic acid attached, as is generally
depicted below in Structure 25. Alternatively, the conductive. oligomer is attached to one ligand, and
the nucleic acid is attached to another ligand, as is generally depicted below in Structure 26. Thus, in
the presence of the transition metal, the conductive oligomer is covalently attached to the nucleic acid.
Both of these structures depict Structure 3 conductive ofigomers, although other oligomers may be
utilized. Structures 25 and 26 depict two representative structures:

SUUcture 25

nucleicacid
—év—a—n}—é Y}{‘z}—p'/
n m t %,

s

.
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Structure 26

/nudeicadd
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appreciated by those in the art, the number and nature of the co-ligands will depend on the
coordination number of the metal ion, Mono-, di- or polydentate co-ligands may be used at any
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dppz); dipyridophenazine, 1,4,5,8,9,12-hexaazatriphenylene (abbreviated hat); 9,10-
phenanthrenequinone diimine (abbreviated phi); 1,4,5 8-tetraazaphenanthrene (abbreviated tap);
1,4,8,11-tetra-azacyclotetradecane (abbreviated cyclam), EDTA, EGTA and isocyanide. Substituted
derivatives, including fused derivatives, may also be used. In some embodiments, porphyrins and
substituted derivatives of the porphyrin family may be used. See for example, Comprehensive
Coordination Chemistry, Ed. Wilkinson et al., |5ergammon Press, 1987, Chapters 13.2 (pp73-98), 21.1
(pp. 813-898) and 21.3 (pp 915-957), all of which are hereby expressly incorporated by reference.

Suitable sigma donating ligands using carbon, oxygen, sulfur and phosphorus are known in the art.
For example, suitable sigma carbon donors are found in Cotton and Wilkenson, Advanced Organic
Chemistry, 5th Edition, John Wiley & Sons, 1988, hereby incorporated by reference; see page 38, for
example. Similarly, suitable oxygen ligands include crown ethers, water and others known in the art.

Phosphines and substituted phosphines are also suitable; see page 38 of Cotton and Wilkenson.

The oxygen, sulfur, phosphorus and nitrogen-donating ligands are attached in such a manner as to
allow the heteroatoms to serve as coordination atoms.

In a preferred embodiment, organometallic ligands are used. In addition to purely organic compounds
for use as redox moieties, and various transition metal coordination complexes with d-bonded organic
ligand with donor atoms as heterocyclic or exocyclic substituents, there is available a wide variety of
transition metal organometallic compounds with ni-bonded organic ligands (see Advanced Inorganic
Chemistry, 5th Ed., Cotton & Wilkinson, John Wiley & Sons, 1988, chapter 26; Organometaliics, A
Concise Introduction, Elschenbroich et al., 2nd Ed., 1992, VCH; and Comprehensive Organometallic
Chemistry Il, A Review of the Literature 1982-1994, Abel et al. Ed., Vol. 7, chapters 7, 8, 10 & 11,
Pergamon Press, hereby expressly incorporated by reference). Such organometallic ligands include
cyclic aromatic compounds such as the cyclopentadienide ion [CsH,(-1)] and various ring substituted
and ring fused derivatives, such as the indenylide (-1) ion, that yield a class of bis(cyclopentadieyl)
metai compounds, (i.e. the metallocenes); see for example Robins et al., J. Am. Chem. Soc.
104:1882-1893 (1982); and Gassman et al.,, J. Am. Chem. Soc. 108:4228-4229 (1986),
incorporated by referenée. Of these, ferrocene [(C:H;),Fe] and its derivatives are prototypical
examples which have been used in a wide variety of chemical (Connelly et al., Chem. Rev. 96:877-
910 (1996), incorporated by reference) and electrochemical (Geiger et al., Advances in Organometallic
Chemistry 23:1-93; and Geiger et al., Advances in Organometallic Chemistry 24:87, incorporated by
reference) electron transfer or “redox” reactions. Metallocene derivatives of a variety of the first,
second and third row transition metals are potential candidates as redox moieties that are covalently
attached to either the ribose ring or the nucleoside base of nucleic acid. Other potentially suitable

organometallic ligands include cyclic arenes such as benzene, to yield bis(arene)metal compounds
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and their ring substituted and ring fused derivatives, of which bis(benzene)chromium is a prototypical
example, Other acyclic n-bonded ligands such as the allyl(-1) ion, or butadiene yield potentially
suitable organometallic compounds, and all such fligands, in conjuction with other n-bonded and &-
bonded ligands constitute the general class of organometallic compounds in which there is a metal to
carbon bond. Electrochemical studies of various dimers and oligomers of such compounds with
bridging organic ligands, and additional non-bridging ligands, as well as with and without metal-metal
bonds are potential candidéte redox moieties in nucleic acid analysis.

When one or more of the co-ligands is an organometallic ligand, the ligand is generally attached via
one of the carbon atoms of the organometallic ligand, aithough attachment may be via other atoms for
heterocyclic ligands. Preferred organometallic ligands include metallocene ligands, including
substituted derivatives and the metalloceneophanes (see page 1174 of Cotton and Wilkenson, supra).
For example, derivatives of metallocene ligands such as methylcyclopentadienyl. with multiple methyi

are derivatized.

As described herein, any combination of ligands may be used. Preferred combinations include: a) all
ligands are nitrogen donating ligands; b) all ligands are organometallic ligands; avnd ¢) the ligand at the
terminus of the conductive oligomer is a metallocene ligand and the ligand provided by the nucleic acid
is a nitrogen donating ligand, with the other ligands, if needed, are either nitrogen donating ligands or
metallocene ligands, or a mixture. These combinations are depicted in representative structures using
the conductive oligomer of Structure 3 are depicted in Structures 27 (using phenanthroline and amino

as representative ligands), 28 (using ferrocene as the metal-ligand combination) and 29 (using
Cyclopentadieny] and amino as representative ligands).
‘ Structure 27
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Structure 29

Y—B—Ww

In a preferred embodiment, the ligands used in the invention show altered fluoroscent properties

\)

g\\

depending on the redox state of the chelated metal ion. As described below, this thus serves as an
additional mode of detection of electron transfer between the ETM and the electrode.

In a preferred embodiment, as is described more fully below, the ligand attached to the nucleic acid is
an amino group attached to the 2' or 3' position of a ribose of the ribose-phosphate backbone. This
ligand may contain a multiplicity of amino groups so as to form a polydentate ligand which binds the
metal ion. Other preferred ligands include cyclopentadiene and phenanthroline.

The use of metal ions to connect the nucleic acids can serve as an internal control or calibration of the
system, to evaluate the number of available nucleic acids on the surface. However, as will be
appreciated by those in the art, if metal ions are used to connect the nucleic acids to the conductive
oligomers, it is generally desirable to have this metal ion complex have a different redox potential than
that of the ETMs used in the rest of the system, as described below. This is generally true so as to be
able to distinguish the presence of the capture probe from the presence of the target sequence. This
may be useful for identification, calibration and/or quantnﬁcatlon Thus, the amount of capture probe
on an electrode may be compared to the amount of hybridized double stranded nucleic acid to quantify
the amount of target sequence in a sample. This is quite significant to serve as an internal control of
the sensor or system. This allows a measurement either prior to the addition of target or after, on the
same molecules that will be used for detection, rather than rely on a similar but different contro!
system. Thus, the actual molecules that will be used for the detection can be quantified prior to any
experiment. This is a significant advantage over prior methods.

In a preferred embodiment, the capture probe nucleic acids are covalently attached to the electrode
via an insulator. The attachment of nucleic acids to insulators such as alky! groups is well known, and
can be done to the base or the backbone, including the ribose or phosphate for backbones containing
these moieties, or to alternate backbones for nucleic acid analogs.

In a preferred embodiment, there may be one or more different capture probe species on the surface, '
as is generally depicted in the Figures. In some embodiments, there may be one type of capture

probe, or one type of.capture probe extender, as is more fully described below. Alternatively, different
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Thus, label probes with Covalently attached ETMs are provided. The terms “electron donor moiety",
“electron acceptor moiety”, and "ETMs" (ETMs) or grammatical equivalents herein refers to molecules

transition metal complexes, organic ETMs, and electrodes.

The transition metals are complexed with g variety of ligands, L, defined above, to form suitable -
transition metaj complexes, as is weli known in the art.

In addition to transition meta| complexes, other organic electron donors and acceptors may be
Covalently attached to the nucleic acid for use jn the invention, These organic molecules include, byt
are not limited to, riboflavin, xanthene dyes, azine dyes, acridine orange, N, N-dimethyl-2,7-
diazapyrenium dichloride (DAP?), methylviologen, ethidium bromide, quinones such as NN
dimethylanthra(z,1,9—def.6,5, 10-d'e f)diisoquinoline dichloride (ADIQ?); porphyrins ([meso-tetrakis(N- '
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10-methylphenoxyazine chloride), methylene blue; Nile biue A (aminoaphthodi thylaminophenoxazine
sulfate), indigo-5,5',7.7’-teirasulfonic acid, indigo-5,5', 7-trisulfonic acid; phenosafranine, indigo-5-
monosulfonic acid, safranine T, bis(dimethylglyoximato)-iron(il) chloride; induline scarlet, neutral red,
anthracene, coronene, pyrene, S-phenylanthracene, rubrene, binaphthyl, DPA, phenothiézene,
fluoranthene, phenanthrene, chrysene, 1,8-diphenyl-1,3,5,7-octatetracene, naphthalene,
acenaphthalene, perylene, TMPD and analogs and subsitituted derivatives of these compounds.

In one embodiment, the electron donors and acceptors are redox proteins as are known in the art.
However, redox proteins in many embodiments are not preferred.

The choice of the specific ETMs will be influenced by the type of electron transfer detection used, as is

- generally outlined below. Preferred ETMs are metaliocenes, with ferrocene being particularly

preferred.

In a preferred embodiment, a plurality of ETMs are used. As is shown in the exampies, the use of
multiple ETMs provides signal amplification and thus allows more sensitive detection limits. As
discussed below, while the use of multiple ETMs on nucleic acids that hybridize to complementary
strands can cause decreases in T,,s of the hybridization complexes depending on the number, site of
attachment and spacing between the muitiple ETMs, this is not a factor when the ETMs are on the
recruitment linker, since this does not hybridize to a complementary sequence. Accordingly, pluralities
of ETMs are preferred, with at least about 2 ETMs per recruitment linker being preferred, and at least
about 10 being particularly preferred, and at least about 20 to 50 being especially preferred. In some
instances, very large numbers of ETMs (100 to 1000) can be used.

As will be appreciated by those in the art, the portion of the label probe (or target, in some
embodiments) that comprises the ETMs (termed herein a “recruitment linker” or “signal carrier”) can
be nucleic acid, or it can be a non-nucleic acid linker that links the first hybridizab|e portion of the label
probe to the ETMs. That is, since this portion of the Jabel probe is not required for hybridizatian, it

- need not be nucleic acid, although this may .be done for ease of synthesis. In some embodiments, as

is more fully outlined below, the recruitment linker may comprise double-stranded portions. Thus, as
will be appreciated by those in the art, there are a variety of configurations that can be used. Ina
preferred embodiment, the recruitment linker is nucleic acid (including analogs), and attachment of the
ETMs can be via (1) a base; (2) the backbone, including the ribose, the phosphate, or comparable
structures in nucleic acid analogs; (3) nucleoside replacement, described below; or (4) metallocene
polymers, as described below. In a preferred embodiment, the recruitment linker is non-nucleic acid,

and can be either a metallocene polymer or an alkyl-type polymer (including heteroalky!, as is more
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incorporateq by reference). Structure 30 depicts 3 répresentative structure in the presence of the
metal ion and any other necessary ligands: Structure 30 depicts uridine, although as for ail the
structures herein, any other base may also be used.
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Structure 30

L, is a ligand, which may include nitrogen, oxygen, sulfur or phosphorus donating ligands or
organometallic ligands such as metallocene ligands. Suitable L, ligands include, but not limited to,
phenanthroline, imidazole, bpy and terpy. L, and M are as defined above. Again, it will be appreciated
by those in the art, a linker (“Z") may be included between the nucleoside and the ETM.

Similarly, as for the conductive oligomers, the linkage may be done using a linker, which may utilize an
amide linkage (see generally Telser et al., J. Am. Chem. Soc. 111:7221-7226 (1989); Telser et al., J.
Am. Chem. Soc. 111:7226-7232 (1989), both of which are expressly incorporated by reference). -
These structures are generally depicted below in Structure 31, which again uses uridine as the base,
although as above, the other bases may also be used:

Structure 31

In this embodiment, L is a ligand as defined above, with L, and M as defined above as well.
Preferably, L is amino, phen, byp and terpy.

In a preferred embodiment, the ETM attached to & nucleoside is a metallocene; i.e. thed. and L., of
Structure 31 are both metallocene ligands, L, as described above. Structure 32 depicts a preferred
embodiment wherein the metallocene is ferrocene, and the base is uridine, although other bases may
be used:
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Structure 32

HN

attacking the carbony! oxygen, forming a furan-like structure. Preferred metallocenes include
ferrocene, cobaltocene and osmiumocene.

In a preferred embodiment, the ETM is attached to a ribose at any position of the ribose-phosphate
backbone of the nucleic acid, i.e. either the 5' or 3' terminus or any internal nucleoside. Ribose in this

or 3' position of the ribose can be made, with nitrogen, oxygen, sulfur and phosphorus-containing
modifications possible. Amino-modified and Oxygen-modified ribose s preferred. See generally PCT

conductive oligomers depicted in Structure 13, 14 and 15 may be replaced by ETMs; alternatively. the
ETMs may be added to the free terminus of the conductive oligomer,

In a preferred embodiment, a metallocene serves as the ETM, and is attached via an amide bond as
depicted below in Structure 33. The examples outline the synthesis of a preferred compound when
the metallocene is ferrocene.

Structure 33
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In a preferred embodiment, amine linkages are used, as is generally depicted in Structure 34.

Structure 34
BASE

NH
|

2)

ET™

Zis alinker, as defined herein, with 1-16 atoms being preferred, and 2-4 atoms being particularly
preferred, and t is either one or zero.

- In a preferred embodiment, oxo linkages are used, as is generally depicted in Structure 35.

Structure 35

BASE
o]

)
|

@),

ET™M

In Structure 35, Z is a linker, as defined herein, and t is either one or zero. Preferred Z linkers include
alkyl groups including heteroalkyl groups such as (CH,)n and (CH,CH,0)n, with n from 1 to 10 being
preferred, and n = 1 to 4 being especially preferred, and n=4 being particularly preferred.

Linkages utilizing other heteroatoms are also possible.

In a preferred embodiment, an ETM is attached to a phosphate at any position of the ribose-phosphate
backbone of the nucleic acid. This may be done in a variety of ways. In one embodiment,
phosphodiester bond analogs such as phosphoramide or phosphoramidite linkages may be
incorporated into a nucleic acid, where the heteroatom (i.e. nitrogen) serves as a transition metal
ligand (see PCT publication WO 95/15971, incorporated by reference). Alternatively, the conductive
oligomers depicted in Structures 23 and 24 may be replaced by ETMs. In apreferred embodiment,
the composition has the structure shown in Structure 36.
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Structure 36

BASE
0

—=0—(2) t=—=—ET™M

In Structure 361, the ETM is attached via a phosphate linkage, generally through the use of a linker, Z.
Preferred Z linkers include alky! groups, including heteroalkyi groups such as (CH,),, (CH,CH,0),, with
n from 1 to 10 being preferred, andn = 1 to 4 being especially preferred, and n=4 being particularly
preferred.

general, air stable metallocenes are preferred, Including metallocenes utilizing ruthenium ang cobalt as
the metai.
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Structure 37
BASE
]
o——T=o
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Fe
(IJ—Z
o—p=0
I
(o]
CH BASE

In Structure 37, Z is a linker as defined above, with generally short, alkyl groups, including

heteroatoms such as oxygen being preferred. Generally, what is important is the length of the linker

such that minimal perturbations of a double stranded nucleic acid is effected, as is more fully

described below. Thus, methylene, ethylene, ethylene giycols, propylene and butylene are all

preferred, with ethylene and ethylene glycol being particularly preferred. In addition, each Z linker may

be the same or different. Structure 37 depicts a ribose-phosphate backbone, although as will be

appreciated by those in the art, nucleic acid analogs may also be used, including ribose analogs and

phosphate bond analogs.
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Structure 38

In Structure 38, preferred Z groups are as listed above, and again, each Z linker can be the same or
different. As above, other nucleic acid analogs may be used as well.

Thus, by inserting a metallocene such as ferrocene (or other ETM) into the backbone of a nucleic acid,

Tucieic acid analogs are made; that is, the invention Provides nutieic acids having a backbone

comprising at least one metallocene. This is distinguistied from nucleic acids having metallocenes
attached to the backbone, i.e. via a ribose, a phosphate, etc. That is, two nucleic acids each made up
of a traditional nucleic acid or analog (nucleic acids in this case including a single nucleoside), may be

- Covalently attached to each other via a metallocene. Viewed differently, a metallocene derivative or

substituted metallocene is provided, wherein each of the two aromatic rings of the metallocene has a
nucleic acid substitutent group. ‘
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In addition, as is more fully outiined below, it is possible to incorporate more than one metallocene into
the backbone, either with nucleotides in between and/or with adjacent metallocenes. When adjacent
metallocenes are added to the backbone, this is similar to the process described below as
“metaliocene polymers”, that is, there are areas of metallocene polymers within the backbone.

In addition to the nucleic acid substitutent groups, it is also desirable in some instances to add
additional s‘ubstituent groups to one or both of the aromatic rings of the metallocene (or ETM). For
example, as these nucleoside replacements are generally part of probe sequénces to be hybridized
with a substantially complementary nucleic acid, for example a target sequence or another probe
sequence, it is possible to add substitutent groups to the metallocene rings to facilitate hydrogen
bonding to the base or bases on the opposite strand. These may be added to any position on the
metallocene rings. Suitable substitutent groups include, but are not limited to, amide groups, amine
groups, carboxylic acids, and alcohols, including substituted alcohols. In addition, these substitutent
groups can be attached via linkers as well, although in general this is not preferred. '

In addition, substituent groups on an ETM, particularly metatlocenes such as ferrocene, may be added
to alter the redox properties of the ETM. Thus, for example, in some embodiments, as is more fully
described below, it may be desirable to have different ETMs attached in different ways (i.e. base or
ribose attachment), on different probes, or for different purposes (for example, calibration or as an
'intemal standard). Thus, the addition of substituent groups on the metallocene may allow two different
ETMs to be distinguished.

In order to generate these metallocene-backbone nucleic acid analogs, the intermediate components

are also provided. Thus, in a preferred embodiment, the invention provides phosphoramidite
metallocenes, as generally depicted in Structure 39;

Structure 39
PG—O

Z—AROMArC RING

=

Z——AROMALIC RING

0
H
NCH;CH;C——P——N CH/C"'3
/CH \CH3
HyC \CH3

45



10

15

20

25

30

35

WO 99/57319 : PCT/US99/01703

Structure 40 depicts the ferrocene derivative:

Structure 40
PG—0

Z @
. Fe

z
!
NCH;CH2c~p~}J\CH/C”3
CH \CH3

Structure 41 depicts the ferrocene peptide nucleic acig (PNA) monomer, that can be added to PNA
synthesis as is known in the art and depicted within the Figures and Examples:

Structure 41
PG——NH

In Structure 41, the PG protecting group is suitable for use in peptide nucleic acid synthesis, with
MMT, boc and Fmoc being preferreq.
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In a preferred embodiment, the ETMs are attached as polymers, for example as metallocene
polymers, in a “branched” configuration similar to the “branched DNA” embodiments herein and as
outlined in U.S. Patent No. 5,124,246, using modified functionalized nucledtides. The general idea is
as follows. A modified phosphoramidite nucleotide is generated that can uitimately contain a free
hydroxy group that can be used in the attachment of phosphoramidite ETMs such as metallocenes.
This free hydroxy group could be on the base or the backbone, such as the ribose or the phosphate
(although as will be appreciated by those in the art, nucleic acid analogs containing other structures
can also be used). The modified nucleotide is incorporated into a nucleic acid, and any hydroxy
protecting groups are removed, thus leaving the free hydroxyl. Upon the addition of a
phosphoramidite ETM such as a metallocene, as described above in structures 39 and .40, ETMs,
such as metallocene ETMs, are added. Additional phosphoramidite ETMs such as metallocenes can
be added, to form "ETM polymers”, including “metallocene polymers” as depicted herein, particularly
for ferrocene. In addition, in some embodiments, it is desirable to increase the solubility of the
polymers by adding a “capping” group to the ierminal ETM in the polymer, for example a final
phosphate group to the metallocene as is generally depicted in Figure 12. Other suitable solubility
enhancing “cabping" groups will be appreciated by those in the art. It should be noted that these
solubility enhancing groups can be added to the polymers in other places including to the ligand rings,
for example on the metallocenes as discussed herein

A preferred embodiment of this general idea is outlined in the Figures. In this embodiment, the 2'

. position of a ribose of a phosphoramidite nucleotide is first functionalized to contain a protected

hydroxy group, in this case via an oxo-linkage, although any number of linkers can be used, as is
generally described herein for Z linkers. The protected modified nucleotide is then incorporated via
standard phosphoramidite chemistry into a growing nucleic acid. The protecting group is removed,
and the free hydroxy group is used, again using standard phosphoramidite chemistry to add a
phosphoramidite metallocene such as ferrocene. A similar reaction is possible for nucleic acid
ana|ogé. For example, using peptide nucleic acids and the metallocene monomer shown in Structure

41, peptide nucleic acid structures containing metallocene polymers could be generated.

Thus, the present invention provides recruitment linkers of nucleic acids comprising “branches” of
metallocene polymers as is gehera!ly depicted in Figures 12 and 13. Preferred embodiments also

utilize metallocene polymers from one to.about 50 metallocenes in length, with from about 5 to about

20 being preferred and from about 5 to about 10 being especially preférred.

In addition, when the recruitment linker is nucleic acid, any combination of ETM attachments may be
done.
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in a preferred .embodiment, the recruitment linker is not nucleic acid, and instead may be any sort of
linker or polymer. As will be appreciated by those in the art, generally any linker or polymer that can be
modified to contain ETMs can be used. In general, the polymers or linkers should be reasonably
soluble and contain suitable functional groups for the addition of ETMs.

As used herein, a “recruitment polymer” comprises at least two or three subunits, which are covalently

- attached. Atleast some portion of the monomeric subunits contain functional grdups for the covalent

attachment of ETMs. In some embodiments coupling moieties are used to covalently link the subunits
with the ETMs. Preferred functional groups for attachment are amino groups, carboxy groups, oxo
groups and thiol groups, with amino groups being particularly preferred. As will be appreciated by
those in the art, a wide variety of recruitment polymers are possible.

Suitable linkers include, but are not limited to, alkyl linkers (including heteroalkyl (including
(poly)ethylene glycol-type structures), substituted alkyl, aryalkyi linkers, etc. As above for the
polymers, the linkers will comprise one or more functional groups for the attachment of ETMs, which
will be done as will be appreciated by those in the art, for example through the use homo-or hetero-
bifunctional linkers as are well known (see 1994 Pierce Chemical Company catalog, technical section
On cross-linkers, pages 155-200, incorporated herein by reference).

Suitable recruitment polymers include, but are not limited to, functionalized styrenes, such as amino
styrene, functionalized dextrans, and polyamino acids. Preferred polymers are polyamino acids (both
poly-D-amino acids and poly-L-amino acids), such as polylysine, and polymers containing lysine and
other amino acids being particularly preferred. Other suitable polyamino acids are polyglutamic acid,
polyaspartic acid, co-polymers of lysine and glutamic or aspartic acid, co-polymers of lysine with
alanine, tyrosine, phenylalanine, serine, tryptophan, and/or proline.

In a preferred embodiment, the recruitment linker comprises a metallocene polymer, as is described
above. :

The attachment of the recruitment linkers to the first portion of the label probe will depend on the
composition of the recruitment linker, as will be appreciated by those in the art. When the recruitment
linker is nucleic acid, it is generally forrhed during the synthesis of the first portion of the label probe,
with incorporation of nucleosides containing ETMs as required. Alternatively, the first portion of the
label probe and the recruitment linker may be made Separately, and then attached. For example,
there may be an overlapping section of complementarity, forming a section of double stranded nucleic’
acid that can then be chemically crosslinked, for example by using psoralen as is known in the art.

48



10

15

20

25

30

35

WO 99/57319 . . "~ PCT/US99/01703

When non-nucleic acid recruitment linkers are used, attachment of the linker/polymer of the
recruitment linker will be done generally using standard chemical techniques, such as will be
appreciated by those in the art. For example, when alkyl-based linkers are used, attachment can be
similar to the attachment of insulators to nucleic acids.

In addition, it is possible to have recruitment linkers that are mixtures of nucleic écids and non-nucleic
acids, either in a linear form (i.e. nucleic acid segments linked together with alkyl linkers) or in
branched forms (nucleic acids with alky! “branches” that may contain ETMs and may be additionally
branched).

In a preferred embodiment, it is the target sequence itself that carries the ETMs, rather than the
recruitment linker of a label probe. For example, as is more fully described below, it is possible to
enzymatically add triphosphate nucleotides comprising the ETMs of the invention to a growing nucleic
acid, for example during a polymerase chain reaction (PCR). As will be recognized by those in the art,
while several enzymes have been shoWn to generally tolerate modified nucleotides, some of the
modified nucleotides of the invention, for example the "nucleoside replacement” embodiments and
putatively some of the phosphate attachments, may or may not be recognized by the enzymes to allow
incorporation into a growing nucleic acid. Therefore, preferred attachments in this embodiment are to

the base or ribose of the nucleotide.

Thus, for example, PCR amplification of a target sequence, as is well known in the art, will result in
target sequences comprising ETMs, generally randomly incorporated into the sequence. The system
of the invention can then Be configured to allow detection using these ETMs, as is generally depicted
in Figures 16A, 16B and 16D.

Alternatively, as outlined more fully below, it is possible to enzymatically add nucleotides comprising
ETMs to the terminus of a nucleic acid, for example a target nucleic acid. In this embodiment, an
effective “recruitment linker” is added to the terminus of the target sequence, that can then be used for
detection. Thus the invention provides compositions utilizing electrodes comprising monolayers of
conductive oligomers and capture probes, and target sequences that comprises a first portion that is
capable of hybridizing to a component of'an assay complex, and a second portion that does not
hybridize to a component of an assay complex and comprises at least one covalently attached
etectron transfer moiety. Simitarly, methods utilizing these compositiors are aiso ‘provided.

Itis also possible to have ETMs connected to probe sequences, i.e. sequences designed to hybridize -
to complementary sequences. Thus, ETMs may be added to non-recruitment linkers as well. For

example, there may be ETMs added to sections of label probes that do hybridize to components of the
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comprises the covalently attached ETMs. Inan alternative embodiment, the Second recruitment linker
contains the ETMs, and the first recruitment linker doeg not, and the ETMs are recruited to the surface
by hybridization of the second recruitment linker to the first. In yet another embodiment, both the first

» Only.in the presence of double stranded nucleic acid will the
ETMs concentrate. Intercalating transition mata| complex ETMs are_known inthe art, Similarly, major
Oor minor groove _binding moieties, such ag methylene blue, may also be used in this embodiment,
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Similarly, the systems of the invention may utilize non-covalently attached ETMs, as is generally
described in Napier et al., Bioconj. Chem. 8:906 (1997), hereby expressly incorporated by reference.
In this embodiment, changes in the redox state of certain molecules as a result of the presence of
DNA (i.e. guanine oxidation by ruthenium complexes) can be detected using the SAMs comprising

conductive oligomers as well.

Thus, the present invention provides eléctrodes comprising monolayers comprising conductive
oligomers, generally including capture probes, and either target sequences or label probes comprising
recruitment linkers containing ETMs. In a preferred embodiment, the compositions of the invention are
used to detect target sequences in a sample. The term "target sequence” or grammatical equivalents
herein means a nucleic acid sequence on a single strand of nucleic acid. The target sequence may bé
a portion of a gene, a regulatory sequence, genomic DNA, cDNA, RNA including mRNA and rRNA, or
others. It may be any length, with the understanding that longer sequences are more specific. As will
be appreciated by those in the art, the complementary target sequence may take many forms. For
example, it may be contained within a larger nucleic acid sequence, i.e. all or part of a gene or mRNA,
a restriction fragment of a plasmid or genomic DNA, among others. As is outlined more fully below,
probes are made to hybridize to target sequences to determine the presence or absence of the target
sequence in a sample. Generally speaking, this term will be understood by those skilled in the art.
The target sequence may also be comprised of different target domains; for example, a first target
domain of the sample target sequence may hybridize to a capture probe or a portion of capture
extender probe, a second target domain may hybridize to a portion of an amplifier probe, a label
probe, or a different capture or capture extender probe, etc. The target domains may be adjacent or
separated. The terms "first” and "second" are not meant to confer an orientation of the sequences
with respect to the 5'-3' orientation of the target sequence. For example, assuming a 5'-3' orientation
of the complementary target sequence, the first target domain may be located either 5' to the second
domain, or 3' to the second domain.

If required, the target sequence is prepared using known techniques. For example, the sample may
be treated to lyse the cells, using known lysis buffers, electroporation, etc., with purification and/or
amplification such as PCR occuring as needed, as will be appreciated by those in the art.

Probes of the present invention are designed to be complementary to a target sequence (either the
target sequence of the sample or to other probe sequenées. as is described below), such that
hybridization of the target sequence and the probes of the present invention occurs. As outlined
below, this complementarity need not be perfect; there may be any number of base pair mismatches
which will interfere with hybridization between the target sequence and the single stranded nucleic
acids of the present invention. However, if the number of mutations is so great that no hybridization

51



10

15

20

25

30

35

WO 99/57319 PCT/US99/01703

being especially preferred, In Some cases, very long probes may be used, €.g. 50 to 200-300
nucleotides in length. Thus, in the structures depicted herein, nucleosides may be replaced with

A variety of hybridization conditions may be_used in the present invention, including high, moderate
and low stringency conditions; see for example Maniatis et al., Molecular Cloning: A Laboratory
Manual, 24 Edition, 1989, and Short Protocols in Molecular Biology, ed. Ausubel, et al, hereby
incorporated by referenece. The hybridization conditions May also vary when a non-ionic backbone,
i.e. PNA is used, és is known in the art. In addition, cross-linking agents May be added after target
binding to cross-ink, i.e. Covalently attach, the two strands of the hybridization complex.

sequences (see Figures 16C ang 16H); and (3) systems in which label probes are indirectly hybridized
to the target Sequences, for example through the yse of amplifier probes (see Figureg 16E, 16F and

unique capture probes. Alternatively, Capture extender probes may be used, that allow a “universaf”
surface, ie. g surface'containing a single type-of capture prebe that can be used to detect any target



10

15

20

25

30

35

WO 99/57319 PCT/US99/01703

appreciated by those in the art is generally simpler and less costly. As shown herein (e.g. Figure
15C), two capture extender probes may be used. This has generally been done to stabilize assay
complexes (for example when the target sequence is large, or when large amplifier probes (particularly
branched or dendrimer amplifier probes) are used.

In a preferred embodiment, the nucleic acids are added after the formation of the SAM ((4) above).
This may be done in a variety of ways, as will be appreciated by those in the art. In one embodiment,
conductive oligomers with terminal functional groups are made, with preferred embodiments utilizing
activated carboxylates and isothiocyanates, that will react with primary amines that are put onto the
nucleic acid, as is generally depicted in Figure 6 using an activated carboxylate. These two reagents
have the advantage of being stable in aqueous solution, yet react with primary alkylamines. However,
the primary aromatic amines and secondary and tertiary amines of the bases should not react, thus
allowing site specific addition of nucleic acids to the surface. This allows the spotting of probes (either
capture or detection probes, or both) using known methods (ink jet, spotting, etc.) orito the surface.

In addition, there are a number of non-nucleic acid methods that can be used to immobilize a nucleic
acid on a surface. For example, binding partner pairs can be utilized: i.e. one binding partner is
attached to the terminus of the conductive oligomer, and the other to the end of the nucleic acid. This
may also be done without using a nucleic acid capture probe; that'is, one binding partner serves as
the capture probe and the other is attached to either the target sequence or a capture extender probe.
That is, either the target sequence comprises the binding partner, or a capture extender probe that will
hybridize to thé target sequence comprises the binding partner. Suitable binding partner pairs include,
but are not limited to, hapten pairs such as biotin/streptavidin; antigens/antibodies; NTA/histidine tags;
etc. In general, smaller binding partners are preferred, such that the electrons can pass from the

nucleic acid into the conductive oligomer to allow detection.

In a preferred embodiment, when the target sequence itself is modified to contain a binding partner,
the binding partner is attached via a modified nucleotide that can be enzymatically attached to the
target sequence, for example during a PCR target amplification step. Alternatively, the binding partner
should be easily attached to the target sequence.

Alternatively, a capture extender probe may be utilized that has a nucleic acid portion for hybridization
to the target as well as a binding partner (for example, the capture extender probe may comprise a
non-nucleic acid portion such as an alkyl linker that is used to attach a binding partner). In this
embodiment, it may be desirable to cross-link the double-stranded nucleic acid of the target and

capture extender probe for stability, for example using psoralen as is known in the art.
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In one embodiment, the target is not bound to the electrode surface using capture probes. In this
embodiment, what is important, as for all the assays herein, is that excess label probes be removed
prior to detection and that the assay complex (the recruitment linker) be in proximity to the surface.
As will be appreciated by those in the art, this may be accomplished in other ways. For example, the
assay complex may be present on beads that are added to the electrode comprising the monolayer.
The recruitment linkers comprising the ETMs may be placed in proximity to-the conductive oligomer
surface using techniques well known in the art, including gravity settling of the beads on the surface,
electrostatic or magnetic interactions between bead components and the surface, using binding
partner attachment as outlin'ed above. Alternatively, after the removal of excess reagents such as
excess label probes, the assay complex may be driven down to the surface, for example by pulsing
the system with a voltage sufficient to drive the assay complex to the surface.

However, preferred embodiments utilize assay complexes attached via nucleic acid capture probes.

In a preferred embodiment, the target sequence itself contains the ETMs. As discussed above, this
may be done using target sequences that have ETMs incorporated at any number of positions, as
outlined above. Representative examples are depicted in Figures 16A, 16B and 16D. In this
embodiment, as for the others of the system, the 3'-5' orientation of the probes and targets is chosen
to get the ETM-containing structures (i.e. recruitment linkers or target sequences) as close to the
surface of the monolayer as possible, and in the correct orientation. This may be done using
attachment via insulators or conductive oligomers as is generally shown in the Figures. In addition, as
will be appreciated by those in the art, multiple capture probes can be utilized, either in a configuration
such as depicted in Figure 16D, wherein the 5'-3' orientation of the Capture probes is different, or
where “loops” of target form when multiples of capture probes are used.

In a preferred embodiment, the label probes directly hybridize to the target sequences, as is generally
depicted in Figure 16C. In these embodiments, the target sequence is preferably, but not required to
be, immobilized on the surface using capture probes, including capture extender probes. Label
probes are then used to bring the ETMs into proximity of the surface of the monolayer comprising
conductive oligomers. In a preferred embodiment, multiple label probes are used; that is, label probes
are designed such that the portion that hybridizes to the target sequence (labeled 141 in the figures)
can be different for a number of different label probes, such that amplification of the signal occurs,
since multiple label probes can bind for every target Sequence. Thus, as depicted in the figures, n is
an integer of at least one. Depending on the sensitivity desired, the length of the target sequence, the
number of ETMSs per label probe, etc., preferred ranges of n are from 1 to 50, with from about 1 to
about 20 being particularly preferred, and from about 2 to about 5 being especially preferred. In
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addition, if “generic” label probes are desired, label extender probes can.be used as generally
described below for use with amplifier probes.

As above, generally in this embodiment the configuration of the system and the label probes are
designed to recruit the ETMs as close as possible to the monolayer surface.

In a preferred embodiment, the label probes are hybridized to the target sequence indirectly. That is,
the present invention finds use in novel combinations of signal amplification technologies and electron
transfer detection on electrodes, which may be particularly useful in sandwich hybridization assays, as
generally depicted in Figure 16. In these embodiments, the amplifier probes of the invention are bound
to the target sequence in a sample either directly or indirectly. Since the ampiifier probes preferably
contain a relatively large number of amplification sequences that are available for binding of label
probes, the detectable signal is significantly increased, and allows the detection limits of the target to
be significantly improved. These label and ampilifier probes, and the detection methods described
herein, may be used in essentially any known nucleic acid hybridization formats, such as those in
which the target is bound directly to a solid phase or in sandwich hybridization assays in which the

target is bound to one or more nucleic acids that are in turn bound to the solid phase.

In general, these embodiments may be described as follows. An amplifier probe is hybridized to the
target sequence, either directly (e.g. Figure 16E), or through the use of a label extender probe (e.g.
Figure 16F and 16G), which serves to allow “generic” amplifier probes to be made. The target
sequence is preferably, but not required to be, immobilized on the electrode using capture probes.
Preferably, the amplifier probe contains a multiplicity of amplification sequences, although in some
embodiments, as described below, the amplifier probe may contain only a single amplification
sequence. The amplifier probe may take on a number of different forms; either a branched
conformation, a dendrimer conformation, or a linear “string” of amplification sequences. These
amplification sequences are used to form hybridization complexes with label probes, and the ETMs
can be detected using the electrode.

~ Accordingly, the present invention provides assay complexes comprising at least one amplifier probe.

By “amplifier probe” or “nucleic acid multimer” or “amplification multimer” or grammatical equivalents
herein is meant a nucleic acid probe that is used to facilitate signal amplification. Amplifier probes
comprise at least a first single-stranded nucleic acid probe sequence, as defined below, and at least
one single-stranded nucleic acid amplification sequence, with a multiplicity of amplification sequences
being preferred. :
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Amplifier probes comprise a first probe Sequence that is used, either directly or indirectly, to hybridize
to the target sequence. That is, the amplifier probe itself may have a first probe sequ nce thatis
substantially complementary to the target sequence (e.g. Figure 16E), or it has a first probe sequence
that is substantially complementary to a portion of an additional probe, in this case called a label
extender probe, that has a first portion that is substantially complementary to the target sequence (e.g.
Figure 16F). In a preferred embodiment, the first probe sequence of the amplifier probe is
substantially compiementary to the target sequence, as is generally depicted in Figure 16E.
In general, as for all the probes herein, the first probe sequence is of a length sufficient to give
specificity and stability. Thus generally, the probe sequences of the invention that are designed to
hybridize to another nucleic acid (i.e. probe sequences, amplification sequences, portions or domains
of larger probes) are at least about 5 nucleosides long, with at least about 10 being preferred and at
least about 15 being especially preferred.

acid detection systems, can result in a significant decrease in non-specific binding and thus an
increase in the signal to noise ratio.

Generally, these hairpin structures comprise four components, The first component is a target binding
Sequence, i.e. a region complementary to the target (which may be the sample target sequence or
another probe sequence to which bihding is desired), that is about 10 nucleosides long, with about 15
being preferred. The second component is a loop Sequence, that can facilitate the formation of nucléic
acid loops. Particularly preferred in this regard are repeats of GTC, which has been identified in
Fragile X Syndrome as forming turns. (When PNA analogs are used, turns comprising proline
residues may be preferred). Generally, from three to five repeats are used, with four to five being
preferred. The third component is a self~complementary region, which has a first portion that is
complementary to a portion of the target Sequence region and a second portion that comprises a first

contains most, if not all, of the ETMs. The general structure is depicted in Figure 14. As will be
appreciated by those in the art, the any or all of the probes described herein may be configured to

form hairpins in the absence of their targets, including the amplifier, capture, capture.extender, label
and label extender probes.
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In a preferred embodiment, several different amplifier probes are used, each with first probe
sequences that will hybridize to a different portion of the target sequence. That is, there is more than
one level of amplification; the amplifier probe provides an amplification of signal due to a muitiplicity of
Iabelling events, and several different amplifier probes, each with this multiblicity of labels, for each
target sequence is used. Thus, preferred embodiments utilize at least two different pools of amplifier
probes, each pool having a different probe sequence for hybridization to different portions of the target
sequence; the only real limitation on the number of different amplifier probes will be the length of the
original target sequence. In addition, it is also possible that the different amplifier probes contain
different amplification sequences, although this is generally not preferred.

in a preferred embodiment, the amplifier probe does not hybridize to the sample target sequence
directly, but instead hybridizes to a first portion of a label extender probe, as is generally depicted in
Figure 16F. This is particularly useful to allow the use of “generic” amplifier probes, that is, amplifier
probes that can be used with a variety of different targets. This may be desirable since several of the
amplifier probes require special synthesis techniques. Thus, the addition of a relatively short probe as
a label extender probe is preferred. Thus, the first probe sequence of the amplifier probe is
substantially complementary to a first portion or domain of a first labe!l extender single-stranded
nucleic acid probe. The label extender probe also contains a second portion or domain that is
substantially complementary to a portion of the target sequence. Both of these portions are preferably
at least about 10 to about 50 nucleotides in length, with a range of about 15 to about 30 being
preferred. The terms "first” and "second” are not meant to confer an orientation of the sequences with
respect to the 5'-3' orientation of the target or probe sequences. For example, assuming a 5'-3'
orientation of the complementary target sequenée, the first portion may be located either 5' to the
second portion, or 3' to the second portion. For convenience herein, the order of probe sequences are
generally shown from left to right.

In a preferred embodiment, more than one label extender probe-amplifier probe pair may be used, tht
is, nis more than 1. That is, a plurality of label extender probes may be used, each with a portion that
is substantially complementary to a different portion of the target sequence; this can serve as another
level of amplification. Thus, a preferred embodiment utilizes pools of at least two label extender
probes, with the upper limit being set by the length of the target sequence.

In a preferred embodiment, more than one label extender probe is used with a single amplifier probe to
reduce non-specific binding, as is depicted in Figure 16G and generally outlined in U.S. Patent No.
5,681,697, incorporated by reference herein. In thisAembodiment, a first portion of the first label
extender probe hybridizes to a first portion of the target sequence, and the second portion of the first
label extender probe hybridizes to a first probe sequence of the amplifier probe. A first portion of the
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second label extender probe hybridizes to a second portion of the target sequence, and the second
portion of the second label extender probe hybridizes to a second probe sequence of the amplifier
prabe. These form structures sometimes referred to as “cruciform” structures or configurations, and
are generally done to confer stability when large branched or dendrimeric amplifier probes are used,

In addition, as will be appreciated by those in the art, the label extender probes may interact with a
preamplifier probe, described below, rather than the amplifier probe directly.

Similarly, as outlined above, a preferred embodiment utilizes several different amplifier probes, each
with first probe sequences that will hybridize to a different portion of the label extender probe. In
addition, as outlined above, itis also possible that the different amplifier probes contain different
amplification sequences, although this is generally not preferred.

In addition to the first probe sequence, the amplifier probe also comprises at least one amplification
Sequence. An “amplification sequence” or “amplification segment” or grammatical equivalents herein
is meant a sequence that is used, either directly or indirectly, to bind to a first portion of a label probe
as is more fully described below. Preferably, the amplifier probe comprises a multipficity of
amplification sequences, with from about 3 to about 1000 being preferred, from'about 10 to about 100
being particularly preferred, and about 50 being especially preferred. In some cases, for example
when linear amplifier probes are used, from 1 to about 20 is preferred with from about 5 to about 10
being particularly preferred.

The amplification Séquences may be linked to each other in a variety of ways, as will be appreciated
by those in the art. They may be covalently linked directly to each other, or to intervening sequences
or chemical moieties, through nucleic acid linkages such as phosphodiester bonds, PNA bonds, etc.,
or through interposed linking agents such amino acid, carbohydrate or polyol bridges, or through other
cross-linking agents or binding partners. The site(s) of linkage may be at the ends of a segment,
and/or at one or more internal nucleotides in the strand. In a preferred embodiment, the amplification
Sequences are attached via nucleic acid linkages.

In a preferred embodiment, branched amplifier probes are used, as are generally described in U.S,
Patent No. 5,124,248, hereby incorporated by reference. Branched amplifier probes may take on
“fork-like” or “comb-like” conformations. “Fork-like” branched amplifier probes generally héve three or
more oligonucleotide segments emanating from a point of origin to form a branched structure. The
point of origin may be another nucleotide segment or a multifunctional molecule o whcih at least three’
segmeats can be covalently or tightly bound. “Comb-like” branched amplifier probes have a linaar
backbone with a multiplicity of sidechain oligonucleotides extending from the.backbone. In either
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conformation, the pendant segments will normally depend from a modified nucleotide or other organic
moiety having the appropriate functional groups for attachment of oligonucleotides. Furthermore, in
either conformation, a large number of amplification sequences are available for binding, either directly
or indiréctly, to detection probes. In general, these structures are made as is known in the ért, using
modified multifunctional nucleotides, as is described in U.S. Patent Nos. 5,635,352 and 5,124,246,
among others.

In a preferred embodiment, dendrimer amplifier probes are used, as are generally described in U.S.

Patent No. 5,175,270, hereby expressly incorporated by reference. Dendrimeric amplifier probes have
amplification sequences that are attached via hybridization, and thus have portions of double-stranded
nucleic acid as a component of their structure. The outer surface of the dendrimer amplifier probe has

a multiplicity of amplification sequences.

In a preferred embodiment, linear ampilifier probes are used, that have individual amplification
sequences linked end-to-end either directly or with short intervening sequences to form a polymer. As
with the other amplifier configurations, there may be additional sequences or moieties between the
amplification sequences. In additidn, as outlined herein, linear amplification probes may form hairpin
stem-loop structures, as is depicted in Figure 14.

In one embodiment, the linear amplifier probe has a single amplification sequence. This may be useful
when cycles of hybridization/disassociation occurs, forming a pool of amplifier probe that was
hybridized to the target and then removed to allow more probes to bind, or when farge numbers of
ETMs are used for each label probe. However, in a preferred embodiment, linear amplifier probes
comprise a multiplicity of amplification sequences.

In addition, the amplifier probe may be totally linear, totally branched, totally dendrimeric, or any
combination thereof.

The amplification sequences of the amplifier probe are used, either directly or indirectly, to bind to a
label probe to allow detection. In a preferred embodiment, the amplification sequences of the
amplifier probe are substantially' complementary to a first portion of a label probe. Alternatively,
amplifier extender probes are used, that have a first portion that binds to the amplification sequence
and a second portion that binds to the first portion of the label probe.

In addition, the compositions of the invention may include “preamplifier” molecules, which serves a

bridging moiety between the label extender molecules and the amplifier probes. In this way, more
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detection, and/or reduce non-specific or background interactions. Also reagents that otherwise
improve the efficiency of the assay, such as protease inhibitors, nuclease inhibitors, anti-microbial
agents, etc., may be used, depending on the sample preparation methods and purity of the target.

the amplifier probe comprises a first probe sequence that is Substantially complementary to a portion
of the target sequence, and at least one amplification sequence.
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particles) that contain complementary sequences to the probes, such that the excess probes bind to
the beads. The beads can then be removed, for example by centrifugation, filtration, the application of
magnetic or electrostatic fields, etc.

The reaction mixture is then subjected to conditions (temperature, high salt, changes in pH, etc.) under
which the ampilifier probe disassociates from the target sequence, and the amplifier probe is collected.
The amplifier probe may then be added to an electrode comprising capture probes for the amplifier
probes, label probes added, and detection is achieved.

In a preferred embodiment, a larger pool of probe is generated by adding more amplifier probe to the
target sequence and the hybridization/disassociation reactions are repeated, to generate a larger pool
of amplifier probe. This pool of amplifier probe is then added to an electrode comprising amplifier

capture probes, label probes added, and detection proceeds.

In this embodiment, it is preferred that the target sequence be immobitized on a solid support,

including an electrode, using the methods described herein; although as will be appreciated by those
in the art, alternate solid support attachment technologies may be used, such as aftachment to glass,
polymers, etc. It is possible to do the reaction on one solid support and then add the pooled amplifier

probe to an electrode for detection.
In a preferred embodiment, the amplifier probe comprises a multiplicity of amplification sequences.

In one embodiment, the first probe sequence of the amplifier probe is hybridized to the target
sequence, and any unhybridized amplifier probe is removed. Again, preferred embodiments utilize
immobilized target sequences, wherein the target sequences are immobilized by hybridization with
capture probes that are attached to the electrode, or hybridization to capture extender probes that in
tumn hybfidize with immobilized capture probes as is described herein. Generally, in these
embodiments, the capture probes and the detection probes are immobilized on the electrode,
generally at the same “address”.

In a preferred embodiment, the first probe sequence of the amplifier probe is hybridized to a first
portion of at least one label extender probe, and a second portion of the label extender probe is
hybridized to a portion of the target sequence. Other preferred'embodiments utilize more than one
label extender probe.

In a preferred embodiment, the amplification sequences of the amplifier probe are used directly for

detection, by hybridizing at least one label probe seguence.
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The invention thus provides assay complexes that minimally comprise a target sequence and a label
probe. “Assay complex” herein is meant the collection of hybridization complexes comprising nucleic
acids, including probes and targets, that contains at least one ETM and thus allows detection. The
composition of the assay complex depends on the use of the different probe component outlined
herein. Thus, in Figures 16A, 16B and 16C, the assay complex comprises the capture probe and the
target sequence. The assay complexes may also include label probes, capture extender probes, label
extender probes, and amplifier probes, as outlined herein, depending on the configuration ﬁsed.

The assays are generally run under stringency conditions which allows formation of the label probe
hybridization complex only in the presence of target. Stringency can be controlled by altering a step
parameter that is a thermodynamic variable, including, but not limiteg to, temperature, formamide
concentration, salt concentration, chaotropic salt concentration PH, organic solvent concentration, etc.

These parameters may also be used to control non-specific binding, as is generally outlined in U.S.
Patent No. 5,681,697. Thus it may be desirable to perform certain steps at higher stringency
conditions; for example, when an initial hybridization step is done between the target sequence and
the label extender and capture extender probes. Running this step at conditions which favor specific
binding can allow the reduction of hon-specific binding.

In a preferred embodiment, when all of the components outlined herein are used, a preferred method
is as follows. Single-stranded target sequence is incubated under hybridization conditions with the
capture extender probes and the label extender probes. A preferred embodiment does this reaction in
the presence of the electrode with immobilized capture probes, although this may also be done in two
steps, with the initial incubation and the subsequent addition to the electrode. Excess reagents are
washed off, and amplifier probes are then added. If preamplifier probes are used, they may be added
either prior to the amplifier probes or simultaneously with the amplifier probes. Excess reagents are
washed off, and label probes are then added. Excess reagents are washed off, and detection
proceeds as outlined below.

In one embodiment, a number of capture probes (or capture probes and capture extender probes) that
are each substantially complementary to a different portion of the target sequence are used.

Again, as outlined herein, when amplifier probes are used, the system is generally configured suéh
that upon label probe binding, the recruitment linkers comprising the ETMs are placed in proximity to
the monolayer surface. Thus for example, when the ETMs are attached via “dendrimer” type
structures as outlined herein, the length of the linkers from the nucleic acid point of attachment to the
ETMs may vary, particularly with the length of the Capture probe when capture extender probes are
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used. Thatis, longer capture probes, with capture extenders, can result in the target sequences being
“held” further away from the surface than for shorter capture probes. Adding extra linking sequences
between the probe nucleic acid and the ETMs can result in the ETMs being spatially closer to the

surface, giving better results.

In addition, if desirable, nucleic acids utilized in the invention may also be ligated together prior to
detection, if applicable, by using standard molecular biology techniques such as the use of a ligase.
Similarly, if desirable for stability, cross-linking agents may be added to hold the structures stable.

The compositions of the invention are generally synthesized as outlined below, generally utilizing
techniques well known in the art. As will be appreciated by those in the art, many of the techniques
outlined below are directed to nucleic acids containing a ribose-phosphate backbone.: However, as
outiined above, many alternate nucleic acid analogs may be utilized, some of which may not contain
gither ribose or phosphate in the backbone. In these embbdiments, for attachment at positions other
than the base, attachment is done as will be appreciated by those in the art, depending on the
backbone. Thus, for example, attachment can be made at the carbon afoms of the PNA backbone, as
is described below, or at either terminus of the PNA.

The compositions may be made in several ways. A preferred method first synthesizes a conductive

- oligomer attached to a nucleoside, with addition of additional nucleosides to form the capture probe

followed by attachment to the electrode. Alternatively, the whole capture probe may be made and
then the completed conductive oligomer added, followed by attachment to the electrode. Alternatively,
a monolayer of conductive oligomer (some of which have functional groups for attachment of capture
probes) is attached to the electrode first, foliowed by attachment of the capture probe. The latter two
methods may be preferred when conductive oligomers are used which are not stable in the solvents

and under the conditions used in traditional nucleic acid synthesis.

In a preferred embodiment, the compositions of the invention are made by first forming the conductive
oligomer covalently attached to the nucleoside, followed by the addition of additional nucleosides to
form a capture probe nucleic acid, with the last step comprising the addition of the conductive oligomer
to the electrode.

. The attachment of the conductive oligomer to the nucleoside may be done in several ways. Ina

preferred embodiment, all or part of the conductive oligomer is synthesized first (generally with a
functional group on the end for attachment to the electrode), which is then attached to the nucleoside.
Additional nucleosides are then added as required, with the last step generally being attachment to the
electrode. Alternatively, oligomer unifs are added one at a time to the nucleoside, with addition of
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additional nucleosides and attachment to the electrode. A number of representative syntheses are
shown in the Figures of PCT US97/20014, expressly incorporated herein by reference.

The conductive oligomer is then attached to a nucleoside that may contain one (or more) of the
oligomer units, attached as depicted herein.

In a preferred embodiment, attachment is to a ribose of the ribose-phosphate backbone. Thus,
attachment via amide and amine linkages are possible (see Figures 1 and 2 of CPT US97/20014). In
a preferred embodiment, there is at least a methylene group or other short aliphatic alkyl groups (as a
Z group) between the nitrogen attached to the ribose and the aromatic ring of the conductive oligomer.
A representative synthesis is shown in Figure 16 of PCT US97/20014.

Alternatively, attachment is via a phosphate of the ribose-phosphate backbone. Examples of two
synthetic schemes are shown in Figure 4 and Figure 5 of PCT US97/20014. Although both Figures
show attachment at the 3' position of the ribose, attachment can also be made via the 2' position. In
Figure 5, Z is an ethylene linker, although other linkers may be used as well, as will be appreciated by
those in the art.

In a preferred embodiment, attachment is via the base. A general scheme is depicted in Figure 3 of
PCT US97/20014, using uridine as the nucleoside and a phenylene-acetylene conductive oligomer.
As will be appreciated in the art, amide linkages are also possible, using techniques well known in the

‘art. In a preferred embodiment, protecting groups may be added to the base prior to addition of the

conductive oligomers, as is generally outlined in Figures 10 and 11 of PCT US97/20014. In addition,
the paliadium cross-coupling reactions may be altered to prevent dimerization problems; i.e. two
conductive oligomers dimerizing, rather than coupling to the base.

Alternatively, attachment to the base may be done by making the nucleoside with one unit of the
oligomer, followed by the addition of others.

Once the modified nbcleosides are prepared, protected and activated, prior to attachment to the
electrode, they may be incorporated into a growing oligonucleotide by standard synthetic techniques
(Gait, Oligonucleotide Synthesis: A Practical Approach, IRL Press, Oxford, UK 1984; Eckstein) in
several ways.
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DNA polymerase, reverse transcriptase, and RNA polymerases. For the incorporation of a 3' modified
nucleoside to a nucleic acid, terminal deoxynuéleotidyltransferase may be used. (Ratliff, Terminal
deoxynucleotidyltransferase. In The Enzymes, Vol 14A. P.D. Boyer ed. pp 105-118. Academic Press,
San Diego, CA. 1981). Thus, the present invention provides deoxyribonucleoside triphosphates
comprising a covalently attached ETM. Preferred embodiments utilize ETM attachment to the base or
the backbone, such as the ribose (preferably in the 2' position), as is generally depicted below in
Structures 42 and 43:

Structure 42
[o] [o] [o]
l |l

o

CH base—2——ETM

/
HO H
Structure 43
o [o] [
I Il I
0—p—Q—P~——0—P—0-
Lol
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|-°
HO Z

ET™M

Thus, in some embodiments, it may be possible to generate the nucleic acids comprising ETMs in situ.
For example, a target sequence can hybridize to a capture probe (for example on the surface) in such
a way that the terminus of the target sequence is exposed, i.e. unhybridized. The addition of enzyme
and triphosphate nucleotides labelled with ETMs allows the in situ creation of the label. Similarly, ‘
using labeled nucleotides recognized by polymerases can aliow simultaneous PCR and detection; that

is, the target sequences are generated in situ.

In a preferred embodiment, the modified nucleoside is converted to the phosphoramidite or H-
phosphonate form, which are then used in solid-phase or solution syntheses of oligonucleotides. In
this way the modified nucleoside, either for attachment at the ribose (i.e. amino- or thiol-modified
nucleosides) or the base, is incorporated into the oligonucleotide ét either an internal position or the 5'
terminus. This is generally done in one of two ways. First, the 5' position of the ribose is protected "~ -
with 4',4-dimethoxytrityl (DMT) followed by reaction with either 2-cyanoethoxy-bis-
diisopropylaminophosphine in the presence of diisopropylammonium tetrazolide, or by reaction with
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chlorodiisopropylamino 2’-cyanoethyoxyphosphine, to give the phosphoramidite as is known in the art;
although other techniques may be used as will be appreciated by those in the art. See Gait, supra;
Caruthers, Science 230:281 (1985), both of which are expressly incorporated herein by reference.

For éttachment of a group to the 3' terminus, a preferred method utilizes the attachment of the
modified nucleoside (or the nucleoside replacement) to controlied pore glass (CPG) or other
oligomeric supports. In this embodiment, the modified nucleoside is protected at the 5' end with DMT,
and then reacted with succinic anhydride with activation. The resulting succinyl compound is attached
to CPG or other oligomeric Supports as is known in the art. Further phosphoramidite nucleosides are
added, either modified or not, to the 5' end after deprotection. Thus, the présent invention provides
conductive oligomers or insulators Covalently attached to nucleosides attached to solid oligomeric
Supports such as CPG, and phosphoramidite derivatives of the nucleosides of the invention.

lh a preferred embodiment, ETMs are attached to a ribose of the ribose-phosphate backbone. This is
generally done as is outlined herein for conductive oligomers, as described herein, and in PCT
publication WO 95/15971, using amino-modified or oxo-modified nucleosides, at either the 2' or3
position of the ribose. The amino group may then be used either as a ligand, for example as a
transition metal ligand for attachment of the metal ion, or as a chemically functional group that can be
used for attachment of other ligands or organic ETMs, for example via amide linkages, as will be
appreciated by those in the art. For example, the examples describe the synthesis of nucleosides with
avariety of ETMs attached via the ribose, A ‘
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Figures 4 and 5 of PCT US87/20014, where the conductive oligomer is replaced by a transition metal
ligand or complex or an organic ETM, as well as is outlined in the Examples.

Attachment to alternate backbones, for example peptide nucleic acids or alternate phosphate linkages
will be done as will be appreciated by those in the art.

In a preferred embodiment, ETMs are attached to a base of the nucleoside. This may be done in a
variety of ways. In one embodiment, amino groups of the base, either naturally occurring or added as
is described herein (see the fiigures, for examplé), are used either as ligands for transition metal
complexes or as a chemically functional group that can be used to add other ligands, for example via
an amide linkage, or organic ETMs. This is done as will be appreciated by those in the art.
Alternatively, nucleosides containing halogen atoms attached to the heterocyclic ring are commercially
available. Acetylene linked ligands may be added using the halogenated bases, asis generally '
known; see for example, Tzalis et al., Tetrahedron Lett. 36(34):6017-6020 (1995); Tzalis et al.,
Tetrahedron Lett. 36(2):3489-3490 (1995); and Tzalis et al., Chem. Communications (in press) 1996,
all of which are hereby expressly incorporated by reference. See also the figures and the examples,
which describes the synthesis of metallocenes (in this case, ferrocene) attached via acetylene
linkages to the bases.

In one embodiment, the nucleosides are made with transition metal ligands, incorporated into a nucleic
acid, and then the transition metal ion and any remaining necessary ligands are added as is known in
the art. In an alternative embodiment, the transition metal ion and additional ligands are added prior to

incorporation into the nucleic acid.

Once the nucleic acids of the invention are made, with a covalently attached attachment linker (i.e.
either an insulator or a conductive oligomer), the attachment linker is attached to the electrode. The
method will vary depending on the type of electrode used. As is described herein, the attachment
linkers are generally made with a terminal “A” linker to facilitate attachment to the electrode. For the

purposes of this application, a sulfur-gold attachment is considered a covalent attachment.

In a preferred embodiment, conductive oligomers, insulators, and attachment linkers are covalently
attached via sulfur linkages to the electrode. However, surprisingly, traditional protecting groups for
use of attaching molecules to gold electrodes are generally not ideal for use in both synthesis of the
compositions described herein and inclusion in oligonucleotide synthetic reactions. Accordingly, the
present invention provides novel methods for the attachment of conductive oligomers to gold
electrodes, utilizing unusual protecting groups, including ethylpyridine, and trimethylsilylethy! as is
depicted in the Figures. However, as will be appreciated by those in the art, when the conductive
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oligomers do not contain nucleic acids, traditional protecting groups such as acetyl groups and others
may be used. See Greene et al., supra.

This may be done in several ways. in a preferred embodiment, the subunit of the conductive oligomer
which contains the sulfur atom for attachment to the electrode is protected with an ethyl-pyridine or
trimethylsilylethy! group. For the former, this is generally done by contacting the_ subunit containing the
sulfur atom (preferably in the form of a sulfhydryl) with a vinyl pyridine group or vinyl trimethylsilylethy|
group under conditions Whereby an ethylpyridine group or trimethylsilylethy| group is added to the
sulfur atom.

This subunit also generally contains a functional moiety for attachment of additional subunits, and thus
additional subunits are attached to form the cohductive oligomer. The conductive oligomer is then
attached to a nucleoside, and additional nucleosides attached. The protecting group is then removed
and the sulfur-gold covalent attachment is made. Alternatively, all or part of the conductive oligomer is
made, and then either a subunit containing a protected sulfur atom is added, or a sulfur atom is added
and then protected. The conductive oligomer is then attached to a nucleoside, and additional
nucleosides attached. Alternatively, the conductive oligomer attached to a nucleic acid is made, and
then either a subunit containing a protected sulfur atom is added, or a sulfur atom is added and then
protected. Alternatively, the ethyl pyridine protecting group may be used as above, but removed after
one or more éteps and replaced with a standard protecting group like a disulfide. Thus, the ethyl
pyridine or trimethylsilylethyl group may serve as the protecting group for some of the synthetic
reactions, and then removed and replaced with a traditional protecting group.

By “subunit’ of a conductive polymer herein is meant at least the moiety of the conductive oligomer to
which the sulfur atom is attached, although additional atoms may be present, including either
functional groups which allow the addition of additional components of the conductive oligomer, or
additional components of the conductive oligomer. Thus, for example, when Structure 1 oligomers are
used, a subunit comprises at least the first Y group.

A preferred method comprises 1) adding an ethyl pyridine or trimethylsilylethyl protecting group to a
sulfur atom attached to a first subunit of a conductive oligomer, generally done by adding a vinyl
pyridine or trimethylsilylethy group to a sulfhydryl; 2) adding additional subunits to form the conductive
oligomer, 3) adding at least a first nucleoside to the conductive oligomer; 4) adding additional
nucleosides to the first nucleoside to form a nucleic acid: 5) attaching the conductive oligomer to the -
gold electrode. This may also be done in the absence of nucleosides, as is described in the
Examples.
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The above method may also be used to attach insulator molecules to a gold electrode.

In a preferred embodiment, a monolayer comprising conductive oligomers (and optionally insulators) is
added to the electrode. Generally, the chemistry of addition is similar to or the same as the addition of
conductive oligomers to the electrode, i.e. using a sulfur atom for attachment to a gold electrode, etc.
Compositions comprising monolayers in addition to the conductive oligomers covalently attached to
nucleic acids may be made in at least one of five ways: (1) addition of the monolayer, followed by
subsequent addition of the attachment linker-nucleic acid compléx; (2) addition of theattachment
linker-nucleic acid complex followed by addition of the monolayer; (3) simuitaneous addition of the
monolayer and attachment linker-nucleic acid complex; (4) formation of a monolayer (using any of 1, 2
or 3) which includes attachment linkers which terminate in a functional moiety suitable for attachment
of a completed nucleic acid; or (5) formation of a monolayer which includes attachment linkers which
terminate in a functional moiety suitable for nucleic acid synthesis, i.e. the nucleic acid is synthesized
on the surface of the monolayer as is known in the art. Such suitable functional moieties include, but
are not limited to, nucleosides, amino groups, carboxyl groups, protected sulfur moieties, or hydroxy!
groups for phosphoramidite additions. The examples describe the formation of a monotayer on a gold
electrode using the preferred method (1). |

In a preferred embodiment, the nucleic acid is a peptide nucleic acid or analog. In this embodiment,
the invention provides peptide nucleic acids with at least one covalently attached ETM or attachment
linker. In a preferred embodiment, these moieties are covalently attached to an monomeric subunit of
the PNA. By “monomeric subunit of PNA” herein is meant the -NH-CH,CH,-N(COCH,-Base)-CH,-CO-
monomer, or derivatives (herein included within the definition of “nucleoside”) of PNA. For example,
the number of carbon atoms in the PNA backbone may be altered; see generally Nielsen et al., Chem.
Soc. Rev. 1997 page 73, which discloses a number of PNA derivatives, herein expressly incorporated
by reference. Similarly, the amide bond linking the base to the backbone may be altered;
phosphoramide and sulfuramide bonds may be used. Alternatively, the moieties are attached to an
internal monomeric subunit. By “internal” herein is meant that the monomeric subunit is not either.the
N-terminal monomeric subunit or the C-terminal monomeric subunit. In this embodiment, the moieties
can be attached either to a base or to the backbone of the monomeric subunit. Attachment to the
base is done as outlined herein or known in the literature. In general, the moieties are added to a
base which is then incorporated into a PNA as outlined herein. The base may be either protected, as
required for incorporation into the PNA synthetic reaction, or derivatized, to allow incorporation, either
prior to the addition of the chemical substituent or afterwards. Protection and derivatization of the °
bases is shown in Figures 24-27 of PCT US97/20014. The bases can then be incorporated into
monomeric subunits as shown in Figure 28 of PCT US97/20014. Figures 29 and 30 of PCT
US97/20014 depict two different chemical substituents, an ETM and a conductive oligomer, attached
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ata base. Figure 29 depicts a representative synthesis of a PNA monomeric subunit with a ferrocene
attached to a uracil base. Figure 30 depicts the synthesis of a three unit conductive oligomer attached
to a uracil basc_a.

In a preferred embodiment, the moieties are covalently attached to the backbone of the PNA

monomer. The attachment is generally to one of the unsubstituted carbon atoms of the monomeric
subunit, preferably the a-carbon of the backbone, as is depicted in Figures 31 and 32, although
attachment at either of the carbon 1 or 2 positions, or the a-carbon of the amide bond linking the base
to the backbone may be done. In the case of PNA analogs, other carbons or atoms may be
substituted as well. In a preferred embodiment, moieties are added at the a-carbon atoms, eitherto a -
terminal monomeric subunit or an internal one.

subunit.

Once generated, the monomeric subunits with Covalently attached moieties are incorporated into a
PNA using the techniques outlined in Will et al., Tetrahedron 51(44):12069-12082 A(1 995), and

The compositions of the invention may additionally contain one or more labels at any position. By
“label” herein is meant an element (e.g. an isotope) or chemical compound that is attached to enable
the detection of the compound. Preferred labels are radioac@ive isotopic labels, and colored or
fluorescent dyes. The labels may be incorporated into the compound at any position. In addition, the
compositions of the invention may also contain other moieties such as cross-linking agents to facilitate
cross-linking of the target-probe complex. See for example, Lukhtanov et al., Nugl. Acids. Res.
24(4):683 (1996) and Tabone et al., Biochem. 33:375 (1994), both of which are expressly incorporated
by reference.
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Once made, th compositions find use in a number of applications, as described herein. In particular,
th compositions of the invention find use in hybridization assays. As will be appreciated by those in
the art, electrodes can be made that have a single species of nucleic acid, i.e. a single nucleic acid
sequence, or multiple nucleic acid species. )

In addition, as outlined herein, the use of a solid s_upport\such as an electrode enables the use of
these gene probes in an array form. The use of oligonucleotide arrays are well known in the art. In
addition, techniques are known for “addressing” locations within an electrode and for the surface
modification of electrodes. Thus, in a preferred embodiment, arrays of different nucleic acids are laid
down on the electrode, each of which are covalently attached to the electrode via a conductive linker.
In this embodiment, the number of different probe species of oligonucleotides may vary widely, from
one to thousands, with from about 4 to about 100,000 being preferred, and from about 10 to about _
10,000 being particularly preferred.

Once the assay complexes of the invention are made, that minimally comprise a target sequence and
a label probe, detection proceeds with electronic initiation. Without being limited by the mechanism or
theory, detection is based on the transfer of electrons from the ETM to the electrode.

Detection of electron transfer, i.e. the presence 6f the ETMs, is generally initiated electronically, with
voltage being preferred. A potential is applied to the assay complex. Precise control and variations in
the applied potential can be via a potentiostat and either a three electrode system (one reference, one
sample (or working) and one counter electrode) or a two electrode system (one sample and one
counter electrode). This allows matching of applied potential to peak potential of the system which
depends in part on the choice of ETMs and in part on the conductive oligomer used, the composition
and integrity of the monolayer, and whét type of reference electrode is used. As described herein,
ferrocene is a preferred ETM.

in a preferred embodiment, a co-reductant or co-oxidant {collectively, co-redoxant) is used, as an
additional electron source or sink. See generally Sato et al., Bull. Chem. Soc. Jpn 66:1032 (1993);
Uosaki et al., Electrochimica Acta 36:1799 (1991); and Alleman et al., J. Phys. Chem 100:17050
(1996); all of which are incorporated by reference.

In a preferred embodiment, an input electron source in solution is used in the initiation of electron
transfer, preferably when initiation and detection are being done using DC current or at AC
frequencies where diffusion is not limiting. In general, as will be appreciated by those in the art,

preferred embodiments utilize monolayers that contain a minimum of “holes”, such that short-circuiting

. of the system is avoided. This may be done in several general ways. in a preferred embodiment, an
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input electron source is used that has a lower or similar redox potential than the ETM of the label
probe. Thus, at voltages above the redox potential of the input electron source, both the ETM and the
input electron source are oxidized and can thus donate electrons; the ETM donates an electron to the
electrode and the input source donates to the ETM. For example, ferrocene, as a ETM attached to the
compositions of the invention as described in the examples, has a redox potential of roughly 200 mV in
aqueous solution (which can change significantly depending on what the ferrocene is bound to, the
manner of the linkage and the presence of any substitution groups). Ferrocyanide, an electron
source, has a redox potential of roughly 200 mV as well (in aqueous solution). Accordingly, at or
above voltages of roughly 200 mV, ferrocene is converted to ferricenium, which then transfers an
electron to the electrode. Now the ferricyanide can be oxidized to transfer an electron to the ETM. In
this way, the electron source (or co-reductant) serves to amplify the signal generated in the system, as
the electron source molecules rapidly and repeatedly donate electrons to the ETM attached to the
nucleic acid. The rate of electron donation or acceptance will be limited by the rate of diffusion of the
co-reductant, the electron transfer between the co-reductant and the ETM, which in turn is affected by
the concentration and size, etc.

Alternatively, input electron sources that have lower redox potentials than the ETM are used. At
voltages less than the redox potential of the ETM, but higher than the redox potential of the electron
source, the input source such as ferrocyanide is unable to be oxided and thus is unable to donate an
electron to the ETM; i.e. no electron transfer occurs. Once ferrocene is oxidized, then there is a
pathway for electron transfer.

In an alternate preferred embodiment, an input electron source is used that has a higher redox
potential than the ETM of the label probe. For example, luminol, an electron source, has a redox
potential of roughly 720 mv. At voltages higher than the redox potential of the ETM, but lower than the
redox potential of the electron source, i.e, 200 - 720 mV, the ferrocene is oxided, and transfers a
single electron to the electrode via the conductive oligomer. However, the ETM is unable to accept
any electrons from the luminol electron source, since the voltages are less than the redox potential of
the luminol. However, at or above the redox potential of luminol, the luminol then transfers an
electron to the ETM, allowing rapid and repeated electron transfer. In this way, the electron source (or
co-reductant) serves to amplify the signal generated in the system, as the electron source molecules
rapidly and repeatedly donate electrons to the ETM of the label probe.

Luminol has the added benefit of becoming a chemiluminiscent species upon oxidation (see Jirka et
al., Analytica Chimica Acta 284:345 (1993)), thus allowing photo-detection of electron transfer from the
ETM to the electrode. Thus, as long as the luminol is unable to contact the electrode directly, i.e. in
the presence of the SAM such that there is no efficient electron transfer pathway to the electrode,
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luminol can only be oxidized by transferring an electron to the ETM on the label probe. When the ETM
is not present, i.e. when the target seduence is not hybridized to the composition of the invention,
luminol is not significantly oxidized, resulting in a low photon emission and thus a low (if any) signal
from the luminol. In the presence of the target, a much larger signal is generated. Thus, the measure
of luminol oxidation by photon emission is an indirect measurement of the ébility of the ETM to donate
electrons to the electrode. Furthermore, since photon detection is generally more sensitive than
electronic detection, the sensitivity of the system may be increased. Initial results suggest that
luminescence may depend on hydrogen peroxide concentration, pH, and luminol concentration, the
latter of which appears to be non-linear.

Suitable electron source molecules are well known in the art, and include, but are not limited to,

ferricyanide, and luminol.

Alternatively, output electron acceptors or sinks could be used, i.e. the above reactions could be run in
reverse, with the ETM such as a metallocene receiving an electron from the electrode, converting it to
the metallicenium, with the output electron acceptor then accepting the electron rapidly and
repeatedly. In this embodiment, cobalticenium is the preferred ETM. '

The presence of the ETMs at the surface of the monolayer can be detected in a variety of ways. A
variety of detection methods may be used, including, but not limited to, optical detection (as a result of
spectral changes upon changes in redox states), which includes fluorescence, phosphorescence,
luminiscence, chemiluminescence, electrochemiluminescence, and refractive index: and electronic
detection, including, but not limited to, amperommetry, voltammetry, capacitance and impedence.
These methods include time or frequency dependent methods based on AC or DC currents, pulsed
methods, lock-in techniques, filtering (high pass, low pass, band pass), and time-resolved techniques
including time-resolved fluoroscence.

In one embodiment, the efficient transfer of electrons from the ETM to the electrode results in
stéreotyped changes in the redox state of the ETM. With many ETMs including the complexes of
ruthenium containing bipyridine, pyridine and imidazole rings, these changes in redox state are
associated with changes in spectral properties. Significant differences in absorbance are observed
between reduced and oxidized states for these molecules. See for example Fabbrizzi et al., Chem.
Soc. Rev. 1995 pp197-202). These differences can be monitored using a spectrophotometer or
simple photomultiplier tube device.

In this embodiment, possible electron donors and acceptors include all the derivatives listed above for
photoactivation or initiation. Preferred electron donors and acceptors have characteristically large
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spectral changes upon oxidation and reduction resulting in highly sensitive hionitoring of electron

transfer. Such examples include Ru(NH,),py an

d Ru(bpy),im as preferred examples. It should be

understood that only the donor or acceptor that is being monitored by absorbance need have ideal

spectral characteristics.

In a preferred embodiment, the electron transfer

is detected fluorometrically. Numerous transition

metal complexes, including those of ruthenium, have distinct fluorescence properties. Therefore, the

change in redox state of the electron donors and electron acceptors attached to the nucleic acid can

be monitored very sensitively using fluorescence, for example with Ru(4,7-biphenylz-phenanthroline)f‘

. The production of this Compound can be easily

measured using standard fluorescence assay

techniques. For example, laser induced fluorescence can be recorded in a standard single cell

fluorimeter, a flow through “on-fine” fluorimeter (such as those attached to a chromatography system)

or a multi-sample “plate-reader” similar to those marketed for 96-well immuno assays.

Alternatively, fluorescence can be measured using fiber optic sensors with nucleic acid probes in

solution or attached to the fiber optic. Fluoresce

nce is monitored using a photomultiplier tube or other

light detection instrument attached to the fiber optic. The advantage of this system is the extremely

small volumes of sample that can be assayed.

In addition, scanning fluorescence detectors such as the Fluorimager sold by Molecular Dynamics are
ideally suited to monitoring the fluorescence of modified nucleic acid molecules arrayed on solid
surfaces. The advantage of this system is the large number of electron transfer probes that can be
scanned at once using chips covered with thousands of distinét nucleic acid probes.

Many transition metal complexes display fluorescence with large Stokes shits. Suitable examples
include bis- and trisphenanthroline complexes and bis- and trisbipyridy! complexes of transition metals

such as ruthenium (see Juris, A., Balzani, V., et.

al. Coord. Chem. Rev., V. 84, p. 85-277, 1988).

Preferred examples display efficient fluorescence (reasonably high quantum yields) as well as low
Teorganization energies. These include Ru(4,7-biphenylz-phenanthroline)32’. Ru(4,4'-diphenyl-2,2’-
bipyridine),2* and platinum complexes (see Cummings et al, J. Am. Chem. Soc. 118:1 949-1960
(1998), incorporated by reference). Alternatively, a reduction in fluorescence associated with
hybridization can be measured using these systems. '

In a further embodiment, electrochemiluminescence is used as the basis of the electron transfer

detection. With some ETMs such as Ru*(bpy),,
decay. Changes in this property are associated

direct luminescence accompanies excited state
with nucleic acid hybridization and can be monitored
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with a simple photomultiplier tube arrangement (see Blackburn, G. F. Clin. Chem. 37: 1534-1539
(1991); and Juris et al., supra.

In a preferred embodiment, electronic detection is used, including amperommetry, voltammetry,
capacitance, and impedence. Suitable techniques include, but are not limited to, electrogravimetry;
coulometry (including controlled potential coulometry and constant current coulometry); voltametry
(cyclic voltametry, pulse voltametry (normal pulse voltametry, square wave voltametry, differential
pulse voltametry, Osteryoung square wave voltametry, and coulostatic pulse techniques); stripping
analysis (aniodic stripping analysis, cathiodic stripping analysis, square wave stripping voltammetry);
conductance measurements (electrolytic conductance, direct analysis); time-dependent
electrochemical analyses (chronoamperometry, chronopotentiometry, cyclic chronopotentiometry and
amperometry, AC polography, chronogalvametry, and chronocoulometry); AC impedance

measurement; capacitance measurement, AC voltametry; and photoelectrochemistry.

In a preferred embodiment, monitoring electron transfer is via amperometric detection. This method of
detection involves applying a potential (as compared to a separate reference electrode) between the
nucleic acid-conjugated electrode and a reference (counter) electrode in the sample containing target
genes of interest. Electron transfer of differing efficiencies is induced in samples in the presence or
absence of target nucleic acid; that is, the presence or absence of the target nucleic acid, and thus the

label probe, can result in different currents.

The device for measuring electron transfer amperometrically involves sensitive current detection and
includes a means of controlling the voltage potential, usually a potentiostat. This voltage is optimized
with reference to the potentiél of the electron donating complex on the fabel probe. Possible electron
donating complexes include those previously mentioned with complexes of iron, osmitm, platinum,

cobalt, rhenium and ruthenium being preferred and complexes of iron being most preferred.

In a preferred embodiment, alternative electron detection modes are utilized. For example,
potentiometric (or voltammetric) measurements invoive non-faradaic (no net current flow) processes
and are utilized traditionally in pH and other ion detectors. Similar sensors are used to monitor
electron transfer between the ETM and the electrode. In addition, other properties of insulators (such
as resistance) and of conductors (such as conductivity, impedance and capicitance) could be used to
monitor electron transfer between ETM and the electrode. Finally, any system that generates a
current (such as electron transfer) also generates a small magnetic field, which may be monitored in
some embodiments.
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It should be understood that one benefit of the fast rates of electron transfer observed in the
compositions of the invention is that time resolution can greatly enhance the signal-to-noise results of

transfer initiation and completion. By amplifying signals of particular delays, such as through the use
of pulsed initiation of electron transfer and "lock-in" amplifiers of detection, and Fourier transforms.

In a preferred embodiment, electron transfer is initiated using alternating current (AC) methods.
Without being bound by theory, it appears that ETMs, bound to an electrode, generally respond
similarly to an AC voltage across a circuit containing resistors and capacitors. Basically, any methods
which enable the determination of the nature of these complexes, which act as a resistor and
Capacitor, can be used as the basis of detection. Surprisingly, traditional electrochemical theory, such
as éxempliﬁed in Laviron et al., J. Electroanal. Chem. 97:135 (1979) and Laviron et al., J. Electroanal.
Chem. 105:35 ( 1979), both of which are incorporated by reference, do not accurately model the
systems described herein, except for very small E,¢ (less than 10 mV) and relatively large numbers of
molecules. Thatis, the AC current (1) is not accurately described by Laviron's equation. This may be
due in part to the fact that this theory assumes an unlimited source and sink of electrons, which is not
true in the present systems. »

same oxidation potential.

Equation 1

RT _ [0)
E,  .=E_+—= n19] (1)
e T n[R] A

The Nernst equation can be rearranged as shown in Equations 2 and 3:
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Equation 2

RT . [O]
-E ==~ ni=2
DC o nF [R]

E

E,c is the DC component of the potential.

Equation 3

5 G750 _ [0 (3)
[R]

exp

Equation 3 can be rearranged as follows, using normalization of the cbncentration to equal 1 for
simplicity, as shown in Equations 4, 5 and 6. This requires the subsequent multiplication by the total
number of molecules. ’

Equation4 [O]+[R]=1
Equation5 [0]=1-[R]
Equation6 [R}=1-[0]

Plugging Equation 5 and 6 into Equation 3, and the fact that nF/RT equals 38.9 V!, for n=1, gives
Equations 7 and 8, which define [O] and [R), respectively:

Equation 7
38.9(E-E,)
01 = —— s e)
1 + exp SEE
Equation 8
[R] = : (5)
1+ exp38'9 (E - Ep)

Taking into consideration the generation of an AC faradaic current, the ratio of [O)/[R] at any given
potential must be evaluated. At a particular Eq¢ with an applied E,, as is generally described herein,
at the apex of the E,; more molecules will be in the oxidized state, since the voltage on the surface is
now (Epc + Exc); at the bottom, more will be reduced since the voltage is lower. Therefore, the AC

current at a given Ep¢ will be dictated by both the AC and DC voitages, as well as the shape of the
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Nernstian curve. Specifically, if the number of oxidized molecules at the bottom of the AC cycleis

Subtracted from the amount at the top of the AC cycle, the total change in a given AC cycle is

obtained, as is generally described by Equation 9. Dividing by 2 then gives the AC amplitude.
Equation 9

iac = (electrons at [Ep, + E,.]) - (electrons at [Eoc = Eac)l)
' 2

Equation 10 thus describes the AC current which should result:
Equation 10

e = C,Fo % ([O]Enc CEa T [O]Enc _E‘C) (6)

As depicted in Equation 11, the total AC current will be the number of redox molecules C), times
faraday's constant (F), times the AC frequency (w), times 0.5 (to take into account the AC amplitude),
times the ratios derived above in Equation 7. The AC voltage is approximated by the average, E,.2/m.

Equation 11
38.9 [Epe + Pac E,) 389 [Epc - - Egl
_ G, Fo exp " exp
W ( ) - i (7)
2 389 (E *ﬂ-E] 38.9 (£, -ZE‘C—E :
- DC 0 - DC
1 + exp ® 1 + exp T

Using Equation 11, simulations were generated using increasing overpotential (AC voltage). Figure
22A of PCT US97/20014 shows one of these simulations, while Figure 22B depicts a simulation based
on traditional theory. Figures 23A and 238 depicts actual experimental data using the Fc-wire of
Example 7 of PCT US97/20014 plotted with the simulation, and shows that the model fits the
experimental data very well. In some cases the current is smaller than predicted, however this has
been shown to be caused by ferrocene degradation which may be remedied in a number of ways.
However, Equation 11 does not incorporate the effect of electron transfer rate nor of instrument

" factors. Electron transfer rate is important when the rate is close to or lower than the applied

frequency. Thus, the true iac Should be a function of all three, as depicted in Equation 12.
Equation 12
iac = f(Nernst factors)f(ker)f(instrument factors)
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- These equations can be used to mode! and predict the expected AC currents in systems which use

input signals comprising both AC and DC components. As outlined above, traditional theory
surprisingly does not model these systems at all, except for very low voltages.

In general, non-specifically bound labet probes/ETMs show differences in impedance (i.e. higher
impedances) than when ihe label probes containing the ETMs are specifically bound in the correct
orientation. In a preferred erhbodiment, the non-specifically bound material is washed away, resulting
in an effective impedance of infinity. Thus, AC detection gives several advantages as is generally
discussed below, including an increase in sensitivity, and the ability to “filter out” background noise. in
particular, changes in impedance (including, for example, bulk impedance) as between non-specific
binding of ETM-containing probes and target-specific assay complex formation may be monitored.

Accordingly, when using AC initiation and detection methods, the frequency response of the system
changes as a result of the presence of the ETM. By “frequency response” herein is meant a ‘
modification of signals as a result of electron transfer between the electrode and the ETM. This -
modification is different depending on signal frequency. A frequency response includes AC currents at

one or more frequencies, phase shifts, DC offset voltages, faradaic impedance, etc.

Once the assay complex including the target sequence and label probe is made, a first input electrical
signal is then applied to the system, preferably via at least the sample electrode (containing the
complexes of the invention) and the counter electrode, to initiate electron transfer between the
electrode and the ETM. Three electrode systems may also be used, with the voltage applied to the
reference and working electrodes. The first input signal comprises at least an AC component. The AC
component may be of variable amplitude and frequency. Generally, for use in the present methods,
the AC amplitude ranges from about 1 mV to about 1.1 V, with from about 10 mV to about 800 mV
being preferred, and from about 10 mV to about 500 mV being especially preferred. The AC’
frequency ranges from about 0.01 Hz to about 100 MHz, with from about 10 Hz to about 10 MHz being
preferred, and from about 100 Hz to about 20 MHz being especially preferred.

The use of combinations of AC and DC signals gives a variety of advantages, including surprising
sensitivity and signal maximization.

In a preferred embodiment, the first input signal comprises a DC component and an AC component.
Thatis, a DC offset voltage between the sample and counter electrodes is swept through the
electrochemical potential of the ETM (for example, when ferrocene is used, the sweep is generally
from 0 to 500 mV) (or aitematively, the working electrode is grounded and the reference electrode is
swept from 0 to -500 mV). The sweep is used to identify the DC voltage at which the maximum
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response of the system is seen. This is generally at or about the electrochemical potential of the ETM.
Once this voltage is determined, either a Sweep or one or more uniform DC offset voltages may be
used. DC offset voltages of from about -1 V to about +1.1 V are preferred, with from about -500 mV to
about +800 mV being especially preferred, and from about -300 mV to about 500 mv being particularly
preferred. In a preferred embodiment, the DC offset voltage is not zero. On top of the DC offset
voltage, an AC signal component of variable amplitude and frequency is applied. f the ETM is ‘
present, and can respond to the AC perturbation, an AC current will be produced due to electron
transfer between the electrode and the ETM.

* For defined systems, it may be sufficient to apply a single input signal to differentiate between the

presence and absence of the ETM (i.e. the presence of the target sequence) nucleic acid.
Alternatively, a plurality of input signals are applied. As outlined herein, this may take a variety of
forms, including using multiple frequencies, multiple DC offset voltages, or multiple AC amplitudes, or
combinations of any or all of these.

Thus, in a preferred embodiment, multiple DC offset voltages are used, although as outlined above,
DC voltage sweeps are preferred. This may be done at a single frequency, or at two or more
frequencies .

In a preferred embodiment, the AG amplitude is varied. Without being bound by theory, it appears that
increasing the amplitude increases the driving force. Thus, higher amplitudes, which result in higher
overpotentials give faster rates of electron transfer. Thus, generally, the same system gives an
improved response (i.e. higher output signals) at any single frequency through the use of higher
overpotentials at that frequency. Thus, the émplitude may be increased at high frequencies to
increase the rate of electron transfer through the system, resulting in greater sensitivity. In addition,
this may be used, for example, to induce responses in slower systems such as those that do not

possess optimal spacing configurations.

In a preferred embodiment, measurements of the system are taken at at least two separate amplitudes
or overpotentials, with meaéurements at a plurality of amplitudes being preferred. As noted above,
changes in response as a result of changes in amplitude may form the basis of identification,
calibration and quantiﬁcation of the system. In addition, one or more AC frequencies can be used as
well.

In a preferred embodiment, the AC frequency is varied. At different frequencies, different molecules
respond in different ways. As will be appreciated by those in the art, increasing the frequency

generally increases the output current. However, when the frequency is greater than the rate at which
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electrons may travel between the electrode and the ETM, higher frequencies result in a loss or
decrease of output signal. At some point, the frequency will be greater than the rate of electron
transfer between the ETM and the electrode, and then the output signal will also drop.

In one embodiment, detection utilizes a single measurement of output signal at a single frequency. -
That is, the frequency response of the system in the absence of target sequence, and thus the
absence of label probe containing ETMs, can be previously determined to be very low at a particular
high frequency. Using this information, any response at a particular frequency, will show the presence
of the assay complex. Thatis, any response at a particular frequency is characteristic of the assay
complex. Thus, it may only be necessary to use a single input high frequency, and any changes in
frequency response is an indication that the ETM is present, and thus that the target sequence is

present.

In addition, the use of AC techniques allows the significant reduction of background signals at any
single frequency due to entities other than the ETMs, i.e. “locking out” or “filtering” unwanted signals.
That is, the frequency response of a charge carrier or redox active molecule in solution will be limited
by its diffusion coefficient and charge transfer coefficient. Accordingly, at high frequencies, a charge
carrier may not diffuse rapidly enough to transfer its charge to the electrode, and/or the charge transfer
kinetics may not be fast enough. This is particularly significant in embodiments that do not have good
monolayers, i.e. have partial or insufficient monolayers, i.e. where the solvent is accessible to the
electrode. As outlined above, in DC techniques, the presence of “holes” where the electrode is
accessible to the solvent can result in solvent charge carriers “short circuiting” the system, i.e. the
reach the electrode and generate background signal. However, using the present AC techniques, one
or more frequencies can be chosen that prevent a frequency response of one or more charge carriers
in solution, whether or not a monolayer is present. This is particularly significant since many biological
fluids such as blood contain significant amounts of redox active molecules which can interfere with
amperometric detection methods.

In a preferred embodiment, measurements of the system are taken at at least two separate
frequencies, with measurements at a plurality of frequencies being preferred. A plurality of
frequencies includes a scan. For example, measuring the output signal, e.g., the AC current, at a low
input frequency such as 1 - 20 Hz, and comparing the response to the output signal at high frequency
such as 10 - 100 kHz will show a frequency response difference between the presence and absence
of the ETM. In a preferred embodiment, the frequency response is determined at at least two,
preferably at least about five, and more preferably at least about ten frequencies.
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After transmitting the input signal to initiate electron transfer, an output signal is received or detected.
The presence and magnitude of the output signal will depend on a number of factors, incmding the
overpotential/amplitude of the input signal; the frequency of the input AC signal; the composition of the
intervening medium; the DC offset; the environment of the system; the nature of the ETM; the solvent;
and the type and concentration of salt. Ata given input signal, the presence and maghnitude of the
output signal will depend in general on the presence or absence of the ETM, the placement and
distance of the ETM from the surface of the monolayer and the character of the input signal. In some
embodviments, it may be possible to distinguish between non-specific binding of label probes and the
formation of target specific assay complexes containing label probes, on the basis of impedance.

In a preferred embodiment, the output signal comprises an AC current. As outlined above, the
magnitude of the output current will depend on a number of parameters. By varying these parameters,
the system may be optimized in a number of ways.

in general, AC currents generated in the present invention range from about 1 femptoamp to about 1

milliamp, with currents from about 50 femptoamps to about 100 microamps being preferred, and from
about 1 picoamp to about 1 microamp being especially preferred. -

s

In a preferred embodiment, the output signal is phase shifted in the AC component relative to the input

signal. Without being bound by theory, it appears that the systems of the present invention may be
sufficiently uniform to allow phase-shifting based detection. That is, the complex biomolecules of the
invention through which electron transfer occurs react to the AC input in a homogeneous manner,
similar to standard electronic Components, such that a phase shift can be determined. This may serve
as the basis of detection between the presence and absence of the ETM, and/or differences between
the presence of target-specific assay complexes comprising label probes and non-specific binding of
the label probes to the system components.

* The output signal is characteristic of the presence of the ETM; that is, the output signal is

characteristic of the presence of the target-specific assay complex comprising label probes and ETMs.
In a preferred embodiment, the basis of the detection is a difference in the faradaic impedance of the
system as a result of the formation of the assay camplex. Faradaic impedance is the impedance of
the system between the electrode and the ETM. Faradaic impedance is quite different from the bulk
or dielectric impedance, which is the impedance of the bulk solution between the electrodes. Many
factors may change the faradaic impedance which may not effect the bulk impedance, and vice versa.
Thus, the assay complexes comprising the nucleic acids in this system have a certain faradaic
impedance, that will depend on the distance between the ETM and the electrode, their electronic

properties, and the composition of the intervening medium, among other things. Of importance in the
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methods of the invention is that the faradaic impedance between the ETM and the electrode is
signficantly different depending on whether the label probes containing the ETMs are specifically or
non-specifically bound to the electrode.

Accordingly, the present invention further provides apparatus for the detection of nucleic acids using
AC detection methods. The apparatus includes a test chamber which has at least a first measuring or
sample electrode, and a second measuring or counter electrode. Three electrode systems are also
useful. The first and second measuring electrodes are in contact with a test sample receiving region,
such that in the presence of a liquid test sample, the two electrodes may be in electrical contact.

In a preferred embodiment, the first measuring electrode comprises a single stranded nucleic acid
capture probe covalently attached via an attachment linker, and a monolayer comprising conductive

oligomers, such as are described herein.

The apparatus further comprises an AC voltage source electrically connected to the test chamber; that
is, to the measuring electrodes. Preferably, the AC voltage source is capable of delivering DC offset
voltage as well.

In a preferred embodiment, the apparatus further comprises a processor capable of comparing the
input signal and the output signal. The processor is coupled to the electrodes and configured to
receive an output signal, and thus detect the presence of the target nucleic acid.

Thus, the compositions of the present invention may be used in a variety of research, clinical, quality
control, or field testing settings.

In a preferred embodiment, the probes are used in genetic diagnosis. For example, probes can be
made using the techniques disclosed herein to detect target sequences such as the gene for
nonpolyposis colon cancer, the BRCA1 breast cancer gene, P53, which is a gene associated with a
variety of cancers, the Apo E4 gene that indicates a greater risk of Alzheimer's disease, allowing for
easy presymptomatic screening of patients, mutations in the cystic fibrosis gene, or any of the others
well known in the art.

In an additional embodiment, viral and bacterial detection is done using the complexes of the
invention. In this embodiment, ‘probes are designed to detect target sequences from a variety of
bacteria and viruses. For example, current blood-screening techniques rely on the detection of anti- ~
HIV antibodies. The methods disclosed herein aliow for direct screening of clinical samples to detect
HIV nucleic acid sequences, particularly highly conserved HIV sequences. In addition, this allows
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direct monitoring of circulating virus within a patient as an improved method of assessing the efficacy
of anti-viral therapies. Similarly, viruses associated with leukemia, HTLV-l and HTLV-Il, may be
detected in this way. Bacterial infections such as tuberculosis, clymidia and other sexually transmitted
diseases, may also be detected, for example using ribosomal RNA (rRNA) as the target sequences.

In a preferred embodiment, the nucleic acids of the invention find use as probes for toxic bacteria in
the screening of water and food samples. For example, samples may be treated to lyse the bacteria
to release its nucleic acid (particularly rRNA), and then probes designed to recognize bacterial strains,
including, but not fimited to, such pathogenic strains as, Salmonella, Campylobacter, Vibrio cholerae,
Leishmania, enterotoxic strains of £. coli, and Legionnaire's disease bacteria. Similarly,
bioremediation strategies may be evaluated using the compositions of the invention.

In a further embodiment, the probes are used for forensic "DNA fingerprinting” to match crime-scene
DNA against samples taken from victims and suspects.

In an additional embodiment, the probes in an array are used for sequencing by hybridization.

-Thus, the present invention provides for extremely specific and sensitive probes, which may, in some

embodiments, detect target sequences without removal of unhybridized probe. This will be useful in
the generation of automated gene probe assays.

Alternatively, the compositions of the invention are useful to detect successful gene amplification in
PCR, thus allowing successful PCR reactions to be an indication of the presence or absence of a
target sequence. PCR may be used in this manner in several ways. For example, in one
embodiment, the PCR reaction is done as is known in the art, and then added to a composition of the
invention comprising the target nucleic acid with a ETM, covalently. attached to an electrode via a
conductive oligomer with subsequent detection of the target sequence. Alternatively, PCR is done
using nucleotides labelled with a ETM, either in the presence of, or with subsequent addition to, an
electrode with a conductive oligomer and a target nucleic acid. Binding of the PCR product containing
ETMs to the electrode composition will allow detection via electron transfer. F inally, the nucleic acid
attached to the electrode via a conductive polymer may be one PCR primer, with addition of a second
primer labelled with an ETM. Elongation results in double stranded nucleic acid with a ETM

and electrode covalently attached. In this way, the present invention is used for PCR detection of
target sequences.

In a preferred embodiment, the arrays are used for mRNA detection. A preferred embodiment utilizes
either capture probes or capture extender probes that hybridize close to the 3' polyadenylation tail of
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the mRNAs. This allows the use of one species of target binding probe for detection, i.e. the probe

contains a poly-T portion that will bind to the poly-A tail of the mRNA target. Generally, the probe will
contain a second portion, preferably non-poly-T, that will bind to the detection probe (or other probe).
This allows one target-binding probe to be made, and thus decreases the amount of different probe
synthesis that is done.

In a preferred embodiment, the use of restriction enzymes and ligation methods allows the creation of
“universal” arrays. In this embodiment, monolayers comprising capture probes that comprise
restrictioﬁ endonuclease ends, as is generally depicted in Figure 7 of PCT US97/20014 . By utilizing
complementary portions of nucleic acid, while leaving “sticky ends”, an array comprising any number
of restriction endonuclease sites is made. Treating a target sample with one or more of these
restriction endonucleases allows the targets to bind to the array. This can be done without knowing
the sequence of the target. The target sequences can be ligated, as desired, using standard methods
such as ligases, and the target sequence detected, using either standard labels or the methods of the
invention.

The present invention provides methods which can result in sensitive detection of nucleic acids. Ina
preferred embodiment, less than about 10 X 10° molecules are detected, with less than about 10 X 10°
being preferred, less than 10 X 10° being particularly preferred, less than about 10 X 10° being
especially preferred, and less than about 10 X 10% being most preferred. As will be appreciated by
those in the art, this assumes a 1:1 correlation between target sequences and reporter molecules; if
more than one reporter molecule (i.e. electron transfer moeity) is used for each target sequence, the

sensitivity will go up.

While the limits of detection are currently being evaluated, based on the published electron transfer
rate through DNA, which is roughly 1 X 10° electrons/sec/duplex for an 8 base pair separation (see
Meade et al.,, Angw. Chem. Eng. Ed., 34:352 (1995)) and high driving forces, AC frequencies of about
100 kHz should be possible. As the preliminary resuits show, electron transfer through these systems
is quite efficient, resulting in nearly 100 X 103 electrons/sec, resulting in potential femptoamp sensitivity
for very few molecules.

The following examples serve to more fully describe the manner of using the above-described
invention, as well as to set forth the best modes contemplated for carrying out various aspects of the
invention. It is understood that these examples in no way serve to limit the true scope of this invention,
but rather are presented for illustrative purposes. All references cited herein are incorporated by
reference in their entireity.
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EXAMPLES
Example 1
Synthesis of nucleoside modified with ferrocene at the 2' position

_The preparation of N6 is described.

Compound N1. Ferrocene (20 g, 108 mmol) and 4-bromobuty! chioride (20 g, 108 mmol) were
dissolved in 450 mL dichloromethane followed by the addition of AICI, anhydrous (14.7 g, 11 mmol).
The reaction mixture was stirred at room temperature for 1 hour and 40 minutes, then was quenched
by addition of 600 mL ice. The organic layer was separated and was washed with water uhtil the
aqueous layer was close to neutral (pH = 5). The organic layer was dried with Na,SO, and
concentrated. The crude product was purified by flash chromatography eluting with 50/50
hexanéldichloromethane and later 30/70 hexane/dichloromethane on 300 g silica gel to afford 26.4
gm (73%) of the titie product.

Compound N2. Compound N1 (6 9. 18 mmol) was dissolved in 120 mL toluene in a round bottom
flask. zinc (35.9 g, 55 mmol), mercuric chioride (3.3g, 12 mmol) and water (100 mL) were added
successively. Then HCl solution (12 M, 80 mL) was added dropwise. The reaction mixture was
stirred at room temperature for 16 hours. The organic layer was separated, and washed with water (2
x 100 mL) and concentrated. Further purification by flash chromatography (hexane) on 270 gm of
silica ge! provided the desired product as a brown solid (3.3 g, 58%).

Compound N3. A mixture of 13.6 gm (51 mmol) of adenosine in 400 mL dry DMF was cooled iﬁ a
ice-water bath for 10 minutes before the addition of 3.0 gm (76 mmol) of NaH (60%) . The reaction
mixture was stirred at 0 °C for one hour before addition of Compound N2 (16.4 g, 51 mmol). Then
the temperature was slowly raised to 30 °C, and the reaction mixture was kept at this temperature for
4 hours béfore being quenched by 100 mL ice. The solvents were removed in vacuo. The resultant
gum was dissolved in 300 mL water and 300 mL ethyl acetate. The aqueous layer was extracted
thoroughly (3 x 300 mL ethy! acetate). The combined organic extracts were concentrated, and the
crude product was purified by flash chromatography on 270 g silica gel. The column was eluted with
20%ethyl acetate/dichloromethane, 50 % ethyl acetate/dichloromethane, 70 % ethyl
acetate/dichloromethane, ethyl acetate, 1 % methanol/ethyl acetate, 3 % methanol/ethyl acetate, and
5 % methanol/ethyl acetate. The concentration of the desired fractions provide the final product (6.5 g,
25%).

Compound N4. Compound N3 (6.5 g, 12.8 mmol) was dissolved in 150 mL dry pyridine, followed by
adding TMSCI (5.6 g, 51.2 mmol) . The reaction mixture was stirred at room temperature for 1.5
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hours. Then phenoxyacety! chioride (3.3 g, 19.2 mmol) was added at 0 °C. The reaction was then
stirred at room temperature for 4 hours and was quenched by the addition of 100 mL water at 0 °C.
The solvents were removed under reduced pressure, and the crude gum was further purified by flash
chromatography on 90 g of silica gel (1 % methanol/dichloromethane) (2.3 g, 28%).

Compound N5. Compound N4 (2.2 g, 3.4 mmol) and DMAP (200 mg, 1.6 mmol) were dissolved in
150 mL dry pyridine, followed by the addition of DMTCI (1.4 g, 4.1 mmol). The reaction was stirred
under argon at room temperature overnight. The solvent was removed under reduced pressure, and
the residue was dissolved in 250 mL dichloromethane. The organic solution was washed by 5%
NaHCO, solution (3 x 250 mL) , dried over Na,SO,, and concentrated. Further purification by flash
chromatography on 55 g of silica gel (1 % TEA/50% hexane/dichloromethane ) provided the desired

product (1.3 g, 41%).

Compound N6. To a solution of N5 ( 3.30 gm, 3.50 mmol) in 150 mL dichloromethane.
Diisopropylethylamine (4.87 mL, 8.0 eq.) and catalytic amount of DMAP (200 mg) were added. The
mixture was kept at 0 °C, and N, N-diisopropylamino cyanoethyl phosphonamidic chloride (2.34 mL,
10.48 mmol) was added. The reaction mixture was warmed up and stirred at room temperature
overnight. After dilution by adding 150 mL of dichloromethane and 250 mL of 5 % NaHCO, aqueous
solution, the organic layer was separated, washed with 5% NaHCO3 (250 mL), dried over Na,SO,,
and concentrated. The crude product was purified on a flash column of 66 g of silica gel packed with
1% TEA in hexane. The eluting solvents were 1% TEA in hexane (500 mL), 1% TEA and 10%
dichloromethane in hexane (500 mL), 1% TEA and 20% dichioromethane in hexane (500 mL). 1%
TEA and 50% dichloromethane in hexane (500 mL). Fractions containing the desired products were
collected and concentrated to afford the final product (3 gm, 75%).

Example 2
Synthesis of “Branched” nucleoside

The synthesis of N17 is described, as depicted in Figure 11A.

Synthesis of N14. To a solution of Tert-butyldimethylsily chloride (33.38 g, 0.22 mol) in 300 mL of
dichloromethane was added imidazole (37.69 g, 0.55 mol) . Immediately, large amount of precipitate
was formed. 2-Bromoethanol (27.68 g, 0.22 mol,.) was added slowly at room temperature. The
reaction mixture was stirred at this temperature for 3 hours. The organic layer was washed with water
(200 mL), 5% NaHCO, (2 x 250 mL), and water (200 mL). The removal of solvent afforded 52.52 g of -
the title product (99%).
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Synthesis of N15. To a suspension of adenosine (40 g, 0.15 mol) in 1.0 L of DMF at 0 °C, was
added NaH (8.98 gam of 0% in mineral oil, 0.22 mol). The mixture was stirred at 0 °C for 1 hour, and
N14 (35.79 gm, 0.15mol) was added. The reaction was stirred at 30 °C overnight. It was quenched
by 100 mL ice-water. The solvents were removed under high vaccum. ‘The resuitant foam was

_dissolved in a mixture of 800 mL of ethyl acetate and 700 mL of water. The aqueous layer was further

extracted by ethyl acetate (3x200 mL). The combined organic layer was dried over Na,SO, and
concentrated. The crude product was further purified on a flash column of 300 g of silica gei packed
with 1% TEA in dichloromethane. The eluting solvents were dichloromethane (500 mL), 3% MeOH in
dichloromethane (500 mL), 5% MeOH in dichioromethane (500 mL), and 8% MeOH in
dichloromethane (2000 mL). The desired fractions were collected and concentrated to afford 11.70g
of the title product (19%).

Synthesis of N16. Toa solution of N15 (11.50 gm, 27.17 mmol) in 300 mL dry pyridine cooled at
0°C, was added trimethylsily chioride (13.71 mL, 0.11 mol, 4.0). The mixture was stirred at 0 °C for 40
min. Phenoxyacetyl chioride (9.38 mL, 67.93 mmol) was added. The reaction was stirred at 0 °C for
2.5 h. The mixture was then transferred to a mixture of 700 mL of dichloromethane and 500 mL water.
The mixture was shaken well and organic layer was separated. After washing twice with 5% NaHCO,
(2x300 mL), dichioromethane was removed on a rotovapor. Into the residue was added 200 mL of
water, the resulting pyridine mixture was stirred at room temperature for 2 hours. The solvents were
then removed under high vacuum. The gum product was co-evaporated with 100 mL of pyridine. The
residue was dissolved in 250 mL of dry pyridine at 0 °C, and 4, 4'-dimethoxytrityl chloride (11.02 gm,
32.60 mmol) was added. The reaction was stirred at room temperature overnight.b The solution was
transferred to a mixture of 700 mL of dichloromethane and 500 mL of 5% NaHCO,. After shaking well,
the organic layer was Separated, further washed with 5% NaHCO, (2 x 200 mL), and then '
concentrated. The crude product was purified on a flash column of 270 gm of silica gel packed with
1% TEA/30% CH.Cl,/Hexane. The eluting solvents were 1 % TEA/ 50% CH,Cl,/Hexane (1000 mL),
and 1% TEA /CH,CI, (2000 mL). The fractions containing the desired product were collected and
concentrated to afford 10.0 g of the title product (43%).

Synthesis of N17. To asolution of N16 (10.0 gm, 11.60 mmol) in 300 mL dichloromethane.
Diisopropylethylamine (16.2 mL) and catalytic amount of N, N-dimethylaminopyridine(Z00 mg) were
added. The mixture was cooled in an ice-water bath, and N, N-diisopropylamino Cyanoethyl
phosphonamidic chioride (7.78 mL, 34.82 mmol) was added. The reaction was stirred at room

- temperature overnight. The reaction mixture was diluted by adding 250 mL of dichloromethane and

250 mL of 5% NaHCO,. After shaking well, the organic layer was separated and washed once more -
with the same amount of 5 % NaHCO, aqueous solution, dried over Na,SO,, and concentrated. The
crude product was purified on a flash column of 120 gm of silica gel packed with 1% TEA and 10%
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dichloromethane in hexane. The eluting solvents were 1% TEA and 10% dichloromethane in hexane
(500 mL), 1% TEA and 20% dichloromethane in hexane (500 mL), and 1% TEA and 40%
dichloromethane in hexane (1500 mL). The right fractions were collected and concentrated to afford
the final product (7.37gm, 60%).

The syntheses for two other nucleotides used for branching are shown in Figures 11B and 11C, with
the Lev protecting group. These branching nucleotides branch from the phosphate, rather than the
ribose (N17), and appear to give somewhat better results.

Example 3
Synthesis of triphosphate nucleotide containing an ETM

The synthesis of AFTP is described.

N3 (1.00 g,1.97 mmol) was dissolved in 15 mL of triethyl phosphate, followed by adding
diisopropylethylamine (0.69 mL, 3.9 mmol). While the mixture was kept at 0 °C, and phospherous
oxychloride (0.45g, 2.93 mmol) was added. The reaction mixture was stirred at 0 °C for 4 hours, then
at 4 °C overnight. Bis(tributyl}ammonium phosphate (3.24 g, 5.91 mmol.) was added, and the reaction
mixture was stirred at 0 °C for six hours, and at 4 °C overnight. The white precipitate produced in the
reaction was removed by filtration. The filtrate was treated with water (20 mL), and yeliow precipitate
was formed. The precipitate was filtrated and was dried under high vacuum to afford 0.63 g of the title
product as yellow solid.

Example 4

‘Synthesis of nucleoside with ferrocene attached via a phosphate
The synthesis of Y63 is described.

Synthesis of C102: A reaction mixture consisting of 10.5gm (32.7 mmol) of N2, 16gm of potassium
acetate and 350 ml of DMF was stirred at 100°C for 2.5hrs. The reaction mixture was allowed to cool
to room temperature and thén poured into a mixture of 400m! of ether and 800ml of water. The
mixture was shaken and the organic layer was separated. The aqueous layer was extracted twice
with ether. The combined ether extracts were dried over sodium sulfate and then concentrated for
column chromatography. Silica gel(160 gm) was packed with 1% TEA/Hexane. The crude was loaded
and the column was eluted with 1 % TEA/0-100 % CH,Cl,/Hexane. Fractions containing desired
product were collected and concentrated to afford 5.8g (59.1 %) of C102.
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Synthesis of Y61: To a flask containing 5.1gm (17.0 mmol) of C102 was added 30ml of Dioxane. To
this solution, small aliquots of 1M NaOH was added over a period of 2.5 hours or until hydrolysis was
complete. After hydrolysis the product was extracted using hexane. The combined extracts were
-dried over sodium sulfate and concentrated for chromatography. Silica gel (100 gm) was packed in
10% EtOAc/ Hexane. The crude product solution was loaded and the column was eluted with 10% to
50% EtOAc in hexane. The fractions containing desired product were pooled and concentrated to
afford 4.20 gm (96.1 %) of Yé1.

Synthesis of Y62: To a flask containing 4.10 gm (15.9 mmol) of Y61 was added 200mi of
dichloromethane and 7.72 mi of DIPEA and 4.24 gm (15.9 mmol) of bis(diisopropylamino)
chlorophosphine. This reaction mixture was stirred under the presence of argon overnight. After the
reaction mixture was concentrated to 1/3 of its original volume, 200m| of hexane was added and then
the reaction mixture was again concentrated to 1/3 is original volume. This procedure was repeated
once more. The precipitated salts were filtered off and the solution was concentrated to afford 8.24gm
of crude Y62. Without further purification, the product was used for next step.

Symhesis of Y63: A reaction mixture of 1.0 gm (1.45 mmol) of N-PAC deoxy-adenosine, 1.77g of the
crude Y62, and 125mg of N, N-diisopropylammonium tetrazolide, and 100 mi of dichloromethane. The
reaction mixture was stirred at room temperature overnight. The reaction mixture was then diluted by
adding 100mi of CH,Cl, and 100 mL of 5% NaHCO; solution. The organic phase was separated and
dried over sodium sulfate. The solution was then concentrated for column chromatography. Silica gel
(35 gm) was packed with 1 % TEA /Hexane. The crude material was eluted with 1 % TEA 110-40%
CH,Cl,/ Hexane. The fractions containing product were pooled and concentrated to afford 0.25 gm of
the title product.

Example 5
Synthesis of Ethylene Glycol Terminated Wire W71

Synthesis of W55: To a flask was added 7.5 gm (27.3 mmol) of tert-butyldiphenylchlorosilane, 250
gm (166.5 mmol) of tri(ethylene glycol) and 50 mi of dry DMF under argon. The mixture was stirred
and cooled in an ice—water bath. To the flask was added dropwise a clear solution of 5.1 gm (30.0
mmol) of AgGNO; in 80 mL of DMF through an additional funnel. After the completeness of addition, the
mixture was allowed to warm up to room temperature ang was stirred for additional 30 min. Brown
AgCiI precipitate was filtered oyt and washed with DMF(3 x 10 mL). The removal of solvent under
reduced pressure resuited in formation of thick syrup-like liquid product that was dissolved in about 80
ml of CH,Cl,. The solution was washed with water (6 x 100 mL) in order to remove unreacted starting
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material, ie, tris (ethylene glycol), then dried over Na,SO4. Removal of CH,Cl, afforded ~ 10.5 g crude
product, which was purified on a column containing 104 g of silica gel packed with 50 %
CH.Cly/hexane. The column was eluted with 3-5% MeOH/ CH,Cl,. The fractions containing the
desired product were pooled and concentrated to afford 8.01 gm (75.5 %) of the pure title product.

Synthesis of WE8: To a flask containing 8.01 gm (20.6.0 mmol) of W55 was added 8.56 gm (25.8
mmol) of CBr, and 60 m! of CH,Cl,. The mixture was stirred in an ice-water bath. To the solution was
slowly added 8.11 gm (31.0 mmol) of PPh,in 15 ml CH,Cl,. The mixture was stirred for about 35 min.
at 0 °C , and allowed to warm to room 'temperature. The volume df the mixture was reduced to about
10.0 ml and 75 ml of ether was added. The precipitate was filtered out and washed with 2x75 of
ether. Removal of ether gave about 15 gm of crude product that was used for purification. Silica gel
(105 gm) was packed with hexane. Upon loading the sample solution, the column was eluted with 50
% CH,Cly/hexane and then CH,Cl,. The desired fractions were pooled and concentrated to give
8.56gm (72.0 %) of pure tiile product.

Synthesis of W69: A solution of 5.2 gm (23.6 mmol)of 4-iodophenol in 50 ml of dry DMF was cooled
in an ice-water bath under Ar. To the mixture was added 1.0 gm of NaH (60% in mineral oil, 25.0
mmol) portion by portion. The mixture was stirred at the same temperature for about 35 min. and at
room temperature for 30 min. A solution of 8.68 gm (19.2 mmol) of W68 in 20 ml of DMF was added
to the flask under argon. The mixture was stirred at 50 °C for 12 hr with the fiask covered with
aluminum foil. DMF was removed under reduced pressure. The residue was dissolved in 300 ml of
ethyl acetate, and the solution was washed with H,0 (6 x 50 mL). Ethyl acetate was removed under
reduced pressure and the residue was loaded into a 100 g silica gel column packed with 30 %
CH,Cl,/hexane for the purification. The column was eluted with 30-100% CH,Cl/hexane. The
fractions containing the desired product were pooled and concentrated to afford 9.5 gm (84.0 %) of the
title product.

Synthesis of W70: To a 100 mi round bottom flask containing 6.89 gm (11.6 mmol) of W69 was
added 30 mi of 1M TBAF THF solution. The solution was stirred at room temperature for 5h. THF
was removed and the residue was dissolved 150 mi of CH,Cl,. The solution was washed with H,O (4 x
25 mL). Removal of solvent gave 10.5 gm of semi-solid. Silica gel (65 gm) was packed with 50 %
CH,Cl,/hexane, upon loading the sample solution, the column was eluted with 0-3 % CH,OH/CH,Cl,.
The fractions were identified by TLC (CH,OH : CH,Cl, = 5: 95). The fractions containing the desired
product were collected and concentrated to afford 4.10 gm (99.0% ) of the title product.

Synthesis of W71: To a flask was added 1.12 gm (3.18 mmol) of W70, 0.23 g (0.88 mmol) of PPh,,
110 mg (0.19 mmol) of Pd(dba),, 110 mg (0.57 mmol) of Cul and 0.75g (3.2 mmol) of Y4 (one unit
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wire). The flask was flushed with argon and then 65 ml of dry DMF was introduced, followed by 25 mi
of diisopropylamine. The mixture was stirred at 55 °C for 2.5 h. All tsolvents were removed under
reduced pressure. The residue was dissolved in 100 mi of CH,Cl,, and the solution was thoroughly
washed with the saturated EDTA solution (2x 100 mL). The Removal of CH,Cl, gave 2.3 g of crude
product. Silica gel (30 gm) was packed with 50 % CH,Cl,/hexane, upon loading the sample solution,
the column was eluted with 10 % ethyl acetate/CH,Cl,. The concentration of the fractions containing
the desired product gave1.35 gm (2.94 mmol) of the title product, which was further purified by
recrystallization from hot hexane solution as colorless crystals.

Example 6
Synthesis of nucleoside attached to an insulator

Synthesis of C108: To a flask was added 2.0gm (3.67 mmol) of 2'-amino-5'-O-DMT uridine, 1.63gm
(3.81 mmol) of C44, 5ml of TEA and 100mi of dichloromethane. This reaction mixture was stirred at
room temperature over for 72hrs. The solvent was removed and dissolved in a small volume of
CH,Cl, Silica gel (35 gm) was packed with 2% CH,OH/1% TEA/CH,CI,, upon loading the sample
solution, the column was eluted with the same solvent system. The fractions containing the desired
product were pooled and concentrated to afford 2.5gm ( 80.4 %) of the title product.

Synthesis of C109: To a flask was added 2.4gm (2.80 mmol) of C108, 4ml of diisopropylethylamine
and 80mi of CH,Cl, under presence of argon. The reaction mixture was coolc-_:d in an ice-water bath.
Once cooled, 2.10 gm (8.83 mmol) of 2-cyanoethyl diisopropylchioro-phosphoramidite was added.
The mixture was then stirred overnight. The reaction mixture was diluted by adding 10ml of methanol
and 150ml of CH,Cl,. This mixture was washed with a 5% NaHCO, solution, dried over sodium sulfate
and then concentrated for column chromatography. A 65gm-silica gel column was packed in 1% TEA
and Hexane. The crude product was loaded and the column was eluted with 1 % TEA/ 0-20 %
CH,Cl,/Hexane. The fractions containing the desired product were pooled and concentrated to afford
2.69gm (90.9 %) of the title product.

Example 7
Comparison of Different ETM Attachments

A variety of different ETM attachments as depicted in Figure 1 were compared. As shown in Table 1,
a detection probe was attached to the electrode surface (the sequence containing the wire in the
table). Positive (i.e. probes complementary to the detection probe) and negative (i.e. probes not
complementary to the detection probe) control label probes were added.
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Electrodes containing the different compositions of the invention were made and used in AC detection

methods. The experiments were run as follows. A DC offset voltage between the working (sample)

electrode and the reference electrode was swept through the electrochemical potential of the

ferrocene, typically from 0 to 500 mV. On top of the DC offset, an AC signal of variable amplitude and

frequency was applied. The AC current at the excitation frequency was plotted versus the DC offset.

The results are shown in Table 2, with the Y63, VI and IV compounds showing the best resuits.

Metal | Redox 10 Hz 100 Hz 1,000 Hz 10,000 Hz
Complexes Potential (mV)

] 400 Not ciear " | Not clear Not clear Not clear
] 350 0.15 LA 0.01 LA 0.005 nA ND

Il (+ control) 360 0.025 LA 0.085 uA 0.034 LA ND

1 (- control) 360 0.022 LA 0.080 nA 0.090 A ND

I\ 140 0.34 LA 3.0uA 13.0 uA 35A

\ 400 0.02 LA ND 0.15 LA ND

VI(1) - 140 0.22 uA . 1.4 uA 4.4 LA 8.8 uA
VI(2) 140 0.22 A .0.78 uA 5.1 uA 44 LA
Vil 320 0.04 LA ND 0.45 LA No Peak
Viii{not 360 0.047 LA ND ND No Peak
purified)

Y63 160 .25 uA ND 36 A 130 1A

Not clear: There is no difference between positive control and negative control.
ND: Not determined

Table of the Oligonucleotides Containing Different Metal Complexes

Metal Positive Control Sequence Containing | Negative Control Sequence Containing

Complexes | Metal Complexes and Numbering Metal Complexes and Numbering

| 5-A(l)C (/GA GTC CAT GGT-3' §'-A(l)G (I)CC TAG CTG GTG-3'
#D199_1 -| #D200_1

I 5-A(I)C (II)GA GTC CAT GGT-3' 5-A(I)G (1)CC TAG CTG GTG-3'
#D211_1,2 ‘ #D212_1

i 5-AAC AGA GTC'CAT GGT-3 5-ATG TCC TAG CTG GTG-3'
#D214_1 #D57_1

v 5-A(IV)C (IV)GA GTC CAT GGT-3' 5-A(IV)G (IV)CC TAG CTG GTG-3'
#D215_1 #D216_1
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Vv 5-A(V)C (V)GA GTC CAT GGT-3' 5-A(V)G (V)CC TAG CTG GTG-3'

#D203_1 ) : #D204_1
1w 5-A(VI)C AGA GTC CAT GGT-3' 5-A(VI)G TCC TAG CTG GTG-3'

#D205_1 . #D206_1

vi 5-A(VI)* AGA GTC CAT GGT-3' 5'A(VI)* TCC TAG CTG GTG-3'
#D207_1 #D208_1

Vil S-A(VINC (VINGA GTC CAT GGT-3' 5-A(VII)G (VII)CC TAG CTG GTG-3'
#D158_3 : #D101_2

Vil S-A(VIINC (VII)GA GTC CAT GGT-3' S-A(VIIG (VICC TAG CTG GTG-3' ‘
#D217_1,2,3 #D218_1

Metal Sequence Containing Wire On G

Complexes | Surface and Numbering '

i 5-ACCATG GAC TCT GT(Uy)-3'
#D201_1,2

] 5"ACC ATG GAC TCT GT(Uy)-3'
#D201_1,2 _

] 5'-ACC ATG GAC TCT GT(Uy)-3'
#D201_1,2

v 5'-ACC ATG GAC TCT GT(U,)-3'
#D201_1,2

\ 5'-ACC ATG GAC TCA GA(U)-3'
#D83_17,18 '

vi 5-ACC ATG GAC TCT GT(Uy)-3'
#D201_1,2 .

Vi 5'-ACC ATG GAC TCT GT( Uw)-3'
#D201_1,2

vi 5'-ACC ATG GAC TCA GA(U)-3"
#D83_17,18

Vii 5'-ACC ATG GAC TCA GA(Uy)-3'
#D83_17,18

Example 8
Preferred Embodiments of the Invention

A variety of systems have been run and shown to work well, as outlined below. All compounds are referenced
in Figure 19, Generally, the'systems were run as follows. The surfaces were made, comprising the electrode,
the capture probe attached via an attachment linker, the conductive oligomers, and the insulators, as outlined
above. The other components of the system, including the target sequences, the capture extender probes,
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and the label probes, were mixed and generally annealed at 90°C for 5 minutes, and allowed to cool to room

temperature for an hour. The mixtures were then added to the electrodes, and AC detection was done.

Use of a capture probe, a capture ex:eugek probe, an uniabeled target sequence and a label probe:

A capture probe D112, comprising a 25 base sequence, was mixed with the Y5 conductive oligomer and the
M44 insulator at a ratio of 2:2:1 using the methods of Example 16. A capture extender probe D179,
comprising a 24 base sequence perfectly complementary to the D112 capture probe, and a 24 base sequence
perfectly complementary to the 2tar target, separated by a single base, was added, with the 2tar target. The -
D179 molecule carries a ferrocene (using a C15 linkage to the base) at the end that is closest to the electrode.
When the attachment linkers are conductive ofigomers, the use of an ETM at or near this position allows
verification that the D179 molecule is present. A ferrocene at this position has a different redox potential than
the ETMs used for detection. A label probe D309 (dendrimer) was added, comprising a 18 base sequence
perfectly complementary to a portion of the target sequence, a 13 base sequence linker and four ferrocenes
attached using a branching configuration. A representative scan is shown in Figure 20A. When the 2tar target
was not added, a representative scan is shown in Figure 208,

Use of a capture probe and a labeled target sequence:

Example A: A capture probe D94 was added with the Y5 and M44 conductive oligomer at a 2:2:1 ratio with the
total thiol concentration being 833 uM on the electrode surface, as outlined above. A target sequence (D336)
comprising a 15 base sequence perfectly complementary to the D94 capture probe, a 14 base linker
sequence, and 6 ferrocenes linked via the N6 compound was used. A representative scan is shown in Figure
20C. The use of a different capture probe, D109, that does not have homology with the target sequence,
served as the negative control; a representative scan is shown in Figure 20D.

Example B; A capture probe D94 was added with the Y5 and M44 conductive oligomer ata 2:2:i ratio with the
total thiol concentration being 833 uM on the electrode surface, as outiined above. A target sequence (D429)
comprising a 15 base sequence perfectly complementary to the D94 capture probe, a C131 ethylene glycol
linker hooked to 6 ferrocenes linked via the N6 compound was used. A representative scan is shown in
Figure 20E. The use of a different capture probe, D109, that does not have homology with the target
sequence, served as the negative control; a representative scan is shown in Figure 20F.

Use of a capture probe. a capture extender probe, an unlabeled target sequence and two label probes with

long li s between the target binding sequence and the ETMs:

The capture probe D112, Y5 conductive oligomer, the M44 insulator, and capture extender probe D179 were
as outlined above. Two label probes were added: D295 comprising an 18 base sequence perfectly =
complementary to a portion of the target sequence, a 15 base sequence linker and six ferrocenes attached
using the N6 linkage depicted in Figure 23. D297 is the same, except that it's 18 base sequence hybridizes to
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a different portion of the target sequence. A representative scan is shown in Figure 20G. When the 2tar
target was not added, a representative scan is shown in Figure 20H.

Use of a capture probe_a ure extender probe, an unlabeled target sequen e and two label probes with
short linkers between the target binding sequence and the ET Ms:

The capture probe D112, Y5 conductive oligomer, the M44 insulator, and capture extender probe D179 were
as outlined above. Two label probes were added: D296 comprising an 18 base sequence perfectly
complementary to a portion of the target sequence, a 5 base sequence linker and six ferrocenes attached
using the N6 linkage depicted in Figure 23. D298 is the Same, except that it's 18 base sequence hybridizes to
a different portion of the target sequence. A representative scan is shown in Figure ,20" When the 2tar target
was not added, a representative scan is shown in Figure 20J.

Use of two capture probes, two capture Capture extender probes, an unlabeled Jarge target sequence and two
abel ,robes with long linkers between the tarqet binding sequence and the ETMs:

This test was directed to the detection of rRNA. The Y5 conductive oligomer, the M44 insulator, and one
surface probe D350 that was complementary to 2 capture sequences D417 and EU1 were used as outlined
herein. The D350, Y5 and M44 was added at a 0.5:4.5:1 ratio. Two capture extender probes were used;
D417 that has 16 bases complementary to the D350 capture probe and 21 bases complementary to the target
sequence, and EU1 that has 16 bases complementary to the D350 capture probe and 23 bases
complementary to a different portion of the target sequence. Two label probes were added: 0468 comprising
a 30 base sequence perfectly complementary to a portion of the target sequence, a linker comprising three
glen linkers as shown in Figure 42 (comprising polyethylene glycol) and six ferrocenes attached using the N6
linkage depicted in Figure 23. D449 is the Same, except that it's 28 base sequence hybridizes to a different
portion of the target Sequence, and the polyethylene glycol linker used (C131) is shorter. A representative
scan is shown in Figure 20K,

e of a re probe, an unlabeled target and a label probe:
These two examples are shown in Figures 26A and 268B.
Example A: A capture probe D112, Y5 conductive oligomer and the M44 insulator were put on the electrode at
2:2:1 ratio with the total thiol concentration being 833 uM. A target sequence MT1 was added, that comprises
a sequence complementary to D112 and a 20 base sequence complementary to the Iabel probe D358 were
combined; in this case, the labe| probe D358 was added to the target Sequence prior to the introduction té the
electrode. The label probe contains six fzrrocenes attached using the N6 linkages depicted in Figure 23. A .
representative scan is shown in Figure 20L. The replacment of MT1 with NC112 which is not complementary
to the capture probe resulted in no signal; similarly, the removal of MT1 resuited in no signal.
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Example B: A capture probe D334, Y5 conductive oligomer and the M44 insulator were put on the electrode at
2:2:1 ratio with the total thiol concentration being 833 pM. A target s quence LP280 was added, that
comprises a sequence complementary to the capture probe and a 20 base sequence complementary to the
label probe D335 were combined; in this case, the label probe D335 was added to the target prior to
introduction to the electrode. The label probe contains six ferrocenes attached using the N6 linkages depicted
in Figure 23. A representative scan is shown in Figure 20M. Replacing LP280 with the LN280 probe (which
is complementary to the label probe but not the capture probe) resulted in no signal.

Example 9
Monitoring of PCR reactions using the invention

Monitoring of PCR reactions was done using an HIV sequence as the target sequence. Multiple reactions
were run and stopped at 0 to 30 or 50 cycles. In this case, the sense primer contained the ETMs (using the
N6 linkage described herein), although as will be appreciated by those in the ar, triphosphate nucleotides
containing ETMs could be used to label non-primer sequences. The surface probe was designed to hybridize
to 16 nucleotides of non-primer sequences, immediately adjacent to the primer sequence; that is, the labeled
primer sequence will not bind to the surface probe. Thus, only if amplification has occured, such that the

amplified sequence will bind to the surface probe, will the detection of the adjacent ETMs proceed.

The target sequence in this case was the plasmid pBKBH10S (NIH AIDS Research and Reference Reagent
program - McKesson Bioservices, Rockville MD) which contains an 8:9 kb Sst! fragment of pBH10-R3 dervied
from the HXB2 clone which contains the entire HIV-1 genome and has the Genbank accession code K03455
or M38432) inserted into the Sstl site on pBluescript li-KS(+). The insert is oriented such that transcription
from the T7 promoter produces sense RNA.

The “sense” primer, D353, was as follows: 5'(N6)A(NB)AGGGCTGTTGGAAATGTGG-3'. The “antisense”
primer, D351, was as follows: 5-TGTTGGCTCTGGTCTGCTCTGA-3". The following is the expected PCR
product of the reaction, comprising 140 bp:
5-(N6)A(NE)AGGGCTGTTGGAAATGTGGAAAGGAAGGACACCAAATGAAGATTGTACTGAGAGACAGGCT
3-TTTTTCCCGACAACCTTTACACCTTTCCTTCCTGTGGTTTACTTTCTAACATGACTCTCTGTCCGA

AATTTTTTAGGGAAGATCTGGCCTTCCTACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGC
TTAAAAAATCCCTTCTAGACCGGAAGGATGTTCCCTTCCGGTCCCTTAAAAGAAGTCTCGTCTGGTCTCG

CAACA-3
GTTIG-%
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The surface capture prob (without any overlap to the sense primer) D459 was as follows: 5'-
TTGGTGTCCTTCCTTU-4 unit wire(C11)-3'.

PCR reaction conditions were standard: TAQ polymerase at TAQ 10X buffer. 1 uM of the primers wag added
to either 6 X 10%, 6X 10° or 6 X 107 molecules of template. The reaction conditions were 90°C for 30 sec, 57°C
for 30 sec, and 70°C for 1 minute.

- The electrodes were prepared by melting 0.127 mm diamter pure gold wire on one end to form a ball. The

electrodes were dipped in aqua regia for 20 seconds and tehn rinse with water. The SAM was deposited by
dipping the electrode into a deposition solution of 1.3:4.0:7 D459:H6:M44 in 37:39:24 THF:ACN:water at 1 mm
total thiol which was heated at 50°C for five minutes prior to the introduction of the electrodes. The electrodes
were added and then removed immediately to room temperature to sit for 15 minutes. Electrodes were then

M44 at room tem for 5 minutes, then the following heat cycling was applied: 70°C for 1 minute, followed by
55°C for 30 sec, repeating this cycle 2 more times followed by 2 0.3 °C ramp down to RT with soaking at RT

Hybridization was carried out at RT after rinsing twice in 6XSSC for at least 1.5 hours. ACV conditions were
as follows: Ag/AgCl reference electrode and Pt auxillary electrodes were used, and NaClO, was used as the
electrolyte sblution. ACV measurements were carried out as follows: v=10 Hz, €=25 mV, scan range -100 mv
to 500 mV. The data is shown in Figure 27.

Example 10
Ligation on an Electrode-Surface

The design of the experiment is shown in Figure 21, for the detection of an Hiv Sequence. Basically, a surface
probe D368 (5‘—(H2)CCTTCCTTTCCACAU-4 unit wire(C11)-3") was attached to an electrode comprising M44
and Hé (H6 is a two unit wire terminating in an acetylene bond) at a ratio of D368:H6:M44 of 1:4:1 with a total

- thiol concentration of 833 UM.  Aligation probe HIVLIG (5-CCACCAGATCTTCCCTAA

AAAATTAGCCTGTCTCTCAGTACAATC"ITTCATFTGGTGT-3') and the target sequence HIVCOMP (5-

UM of HIVLIG annealed to HIVCOMP were hybridized to the electrode surface (in 6XSSC) for 80 min. The
surface was rinsed in ligase buffer. The ligase (T4) and buffer were added and incubated for 2 hours at RT.
Triton X at 10 M was added at 70°C to allow the denaturation of the newly formed hybridization complex,
resulting in the newly formed long surface probe (comprising D368 ligated to the HIVLIG probe). The addition
of the D456 signalling probe (5'—(N6)G(N6)CT(N6OC(N60G(N6)C(N6)TTCTGCACCGTAAGCCA
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TCAAAGATTGTACTGAG-3) allowed detection (results not shown). The D456 probe was designed such that
it hybridizes to the HIVLIG probe,; that is, a surface probe that was not ligated would not allow detection.

Example 11

Use of capture probes comprising ethylene glycol linkers

The capture probe for a 'rRNA assay containing 0, 4 and 8 ethylene glycol units was tested on four separate
electrode surfaces. Surface 1 contained 2:1 ratio of H6:M44, with a total thiol concentration of 500 pM.
Surface 2 contained a 2:2:1 ratio of D568/H6/M44 with a total thiol concentration of 833 uM. Surface 3
contained a 2:2:1 ratio of D570/H6/M44 with a total thiol concentration of 833 pM. D568 was a capture probe
comprising 5-GTC AAT GAG CAA AGG TAT TAA (P282)-3'. P282 was a thiol. D569 was a capture probe
comprising 4 ethylene glycol units: 5-GTC AAT GAG CAA AGG TAT TAA (C131) (P282)-3'. D570 was a
capture probe comprising 8 ethylene glycol units: 5'-GTC AAT GAG CAA AGG TAT TAA (C131) (C131)
(P282)-3'. The H6 (in the protected form) was as follows: (CH,),Si-(CHz)z-S-(CsH5)-C5C-(CsH5)-CECH. M44 is
the same as M43 and was as follows: HS-(CH,),,(OCH,CH,),-OH. The D483 Iabel probe hybridizes to a
second portion of the rRNA target, and was as follows: 5'-(N6)C(N6) G(N6C (N6)GG CCT (N6)C(N6) G(N6)C
(N6)(C131)(C131) (C131)(C131)T TAATAC CTT TGC TC-3'. The D495 is a negative control and was as
follows: 5'-GAC CAG CTA GGG ATC GTC GCC TAG GTGAG(C131) (C131)(C131)(C131) (N6)G(N6) CT(N8)
C(NB)G (N6)C(NB)-3'. The results were as follows:

Surface 1: D483 ~0 (no capture probe present)
D4g5 0
Surface 2: D483 126 nA
D495 1.29nA
Surface 3: D483 19.39nA
D495 1.51nA
Surface 4: D483 84 nA
D495 1.97nA

As is shown, the system is working well.

Example 12
Detection of rRNA and a Comparison of Different Amounts of ETMs

The most sensitive rRNA detection to date used D350/H6/M44 surfaces mixed in a ration of 1:3.5:1.5
deposited at a 833 uM total thiol concentration. D350 is a 4 unit wire with a 15mer DNA,; H6 is a 2 unit wire;
and M44 is an ethylene glycol terminated alkane chain. Better detection limites are seen when the target
molecule is tethered to the sensor surface at more than one place. To date, two tether points have been used.
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A D417 tether Sequence (42mer) and a EU1 Capture sequence (62mer) bound the 16S rRNA to the D350 on
the surface. A series of 9 label probes (D449, D469, D489, D490, D491, D476, D475 and D477) pre-
annealed to the rRNA gave the electrochemical signal. These label probes (signalling molecules) have 6 or 8
N6 or Y63 type ferrocenes. The label probes that flank the tack-down regions were replaced (one end at a
time) with labe! probes containing either 20 or 40 ferrocenes. Additionally, a label probe that binds to a region
in the middle of the tack-down regions was replaced with labe) probes containing either 20 or 40 ferrocenes.
When 2 6-ferrocene containing label probes were replaced by 2 40-ferrocene containing label probes, there

contemplated.
A typical experimental protocol is as follows:

Surface derivatization: 20 pL of deposition solution (1:3.5:1.5 of D350:H6:M44 at total thiol concentration of
833 pM in 43.2% THF, 45.9% ACN, 10.9 % H20) was heated in a clesed haif milliliter eppendorf tube at 50°C
for 5 minuleé. A mefted gold baij electrode was inserted into the solution and then moved immediately to room
temperature to incubate for 15 minutes. The eléctrode was then transferred into ~200 ML of 400 uM M44 in
37% TH, 39% ACN, 24% H20, where it incubated for 5 minut‘es at room temperature, 2 minutes at 40°C, 2
minutes at 30°C, and then an additional 15 minutes at room temperature. The electrode was then briefly
dipped in 2X SSC (aqueous buffered sait solution) and hybridized as below.

KM, the capture Sequence at 1.0 uM, and the label probes at 3 uM. After annealing, the solution was diluted
1:1 with fetal calf serum, halving the concentrations and changing the solvent to 2X SSC with 50% FCS. 1t

temperature for 10 minutes.

100



10

15

20

25

30

35

WO 99/57319 , PCT/US99/01703
Immediately before measurement, the electrode was briefly dipped in room temperature 2X SSC. It was then
transferred into the 1 M NaClO, electrolyte and an alternating current voltammogram was taken with an
applied alternating current of 10 Hz frequency and a 25 mV center-to-peak amplitude.

10 basic experiments were run (system components in parentheses):
System 1. rRNA is tacked down at only one point (D449 + D417(EU2) + D468

System 2. rRNA is tacked down at two points

System 3. two point tack down plus two label probes comprising 20 ferrocenes each directed to a flanking

region of the second tack down point

System 4. two point tack down plus two label probes comprising 40 ferrocenes each directed to a flanking
regicn of the second tack down point

System 5. two point tack down plus two label probes comprising 20 ferrocenes each directed to a flanking
region of the first tack down point '

System 6. two point tack down plus two label probes comprising 40 ferrocenes each directed to a flanking
region of the first tack down point

System 7. two point tack down plus a label probe comprising 25 bases that binds to the middle region (i.e. the
region between the two tack down points) containing 20 ferrocenes.

System 8. two point tack down plus a labe! probe comprising 25 bases that binds to the middie region (i.e. the
region between the two tack down points) containing 40 ferrocenes.

System 9. two point tack down plus a label probe comprising 40 bases that binds to the middle region (i.e. the
region between the two tack down points) containing 20 ferrocenes.

System 10. two point tack down plus a label probe comprising 40 bases that binds to the middle region (i.e.
the region between the two tack down points) containing 40 ferrocenes.

The results are shown in Figure 23. It is clear from the results that multipoint tethering of large targets is better

than single point tethering. More ETMs give larger signals, but require more binding energy; 35 bases of
recognition to the target.
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Example 13 ‘
Direct Comparison of Different Configurations of Ferrocenes

A comparison of different configurations of ferrocene was done, as is generally depicted in Figure 24. Figures
24A, 248, 24C and 24D schematically depict the orientation of several label probes. D94 was as follows: 5'-
ACC ATG CAC ACA GA(C11)-3. D109 was as follows: 5-CTG CGG TTATTA AC(C11)-3". The “+" surface
was a 2:2:1 ratio of D94:H6:M44, with a tota) thiol concentration of 833 HM. The “-” surface was a2:2:1 ratio
of D109:H6:M44, with a total thiol concentration of 833 HM. The D548 structure was as follows: 5'-
(N38)(N38)(N38) (N38)(N38)(N38) (N38)(N38)(N38) ATC TGT GTC CAT GGT-3. On each N38 was a 5'-
(H2)(C23)-3'. *WHAT IS H2 AND C23? The D549 structure was as follows: 5'-(N38)( N38)(N38)
(N38)(N38)(N38) (N38)(N38)(N38) ATC TGT GTC CAT GGT-3'. On each N38 was a 5%{H2)(C23)(C23)-3"
The D550 structure was as follows: 5'-(N38)(N38)(N38) (N38) AT CTG TGT CCA TGG T-3'. On each N3§
was a 5‘-(H2)(023)(C23‘)-3" The D551 structure was as follows: 5'-(n38)(N38)(N38) (N3B)ATCTG TGT CAA
TGG T-3'. On each N38 was a 5'-(H2)(C23)(023)(023)(023)-3'. A 5' N38 has two siteg for secondary
modification. A representative schematic is shown in Figure 24E.

The results, shown in Figure 24F, show that the D551 label probes gave the highest signals, with excellent
signal-to-noise ratios.

Example 17
Ferrocene polymers as both recruitment linker and ETM

This system is shown in Figure 25. D405 has the structure: 5'-(C23)(CZ3)(C23) (C23)(C23)(C23)
(C23)(C23)(C23) (C23)AT CTG TGT CCA TGG T-3. The system was run with two surfaces: the “+" surface
was a 2:2:1 ratio of DS4:Hé:M44, with a total thiol concentration of 833 uM. The “." surface was a 2:2:1 ratio
of D109:H6:M44, with a totaj thiol concentration of 833 HM. The results, shown in Figure 25B, show that the
system gave a good signal in the presence of a complementary capture probe.
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CLAIMS
We claim:

1. A composition comprising:
a) an electrode comprising:
i) a monolayer comprising conductive oligomers; and
i) a capture probe;
b) a target sequence comprising a first portion that is capable of hybridizing to said capture probe, and
a second portion that does not hybridize to said capture probe and comprises at least one covalently
attached electron transfer moiety. ’

2. A composition comprising:
a) an electrode comprising:
i) @ monolayer comprising conductive oligomers; and
i) a capture probe; '
b) a label probe comprising a first portion that is capable of hybridizing to a component of an assay
complex, and a second portion comprising a recruitment linker that does not hybridize to a component
of an assay complex and comprises at least one covalently attached electron transfer moiety.
3. A composition according to claim 2 wherein said ETM is ferrocene.

4. A composition according to claim 2 wherein said label probe comprises a plurality of ETMs.

5. A composition according to claim 2 wherein said first portion of said label probe further comprises a
covalently attached ETM.

6. A composition according to claim 2 wherein said assay complex comprises an amplifier probe.
7. A composition according to claim 2 wherein said assay complex comprises a capture extender probe.
8. A composition according to claim 2 wherein said monolayer further comprises insulators.

9. A composition according to ciaim 2 wherein said capture probe is attached to said electrode via a
conductive oligomer.

10. A composition according to claim 2 wherein said capture probe is attached to said electrode via an

insulator.
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11. A nucleic acid analog having a backbone comprising at least one metallocene.

12. A first nucleic acid covalently attached to a second nucleic acid via a metallocene.

14. A composition comprising a phosphoramidite electron transfer moiety having the formula: )
PG —o0

Z——AROMATIC RING

|

M.
Z*AROMAT’IC RING

o)
H
NCH ZCHZC-—P——T ~cH —~CHs
/CH CH,4
H3C \CH3

Wherein

PGisa protecting group;
Zis a linker;

M is a metal ion.

15. A composition according to claim 14 wherein said ETM is a metallocene.

16. A composition accordiﬁg to claim 15 having the formula:

PG—-0

17. A deoxyribonucleoside triphosphate comprising a covalently attached ETM.
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18. A deoxyribonucleoside triphosphate according to claim 17 wherein said ETM is covalently attached to the
base. |

19. A deoxyribonucleoside triphosphate according to claim 17 having the forniula:

b0
o—li!—o—r[—o—lp—-o
o o- |

CH base—2Z—ETM

%

HO H

wherein
Zis a linker; and

ETM is an electron transfer moiety.

20. A deoxyribonucleoside triphosphate according to claim 19 wherein said base is selected from the group

consisting of adenine, uracil, thymine, cytosine, guanine, inosine, xathanine, hypoxathanine, isocytosine and

" isoguanine.

21. A deoxyribonucleoside triphosphate according to claim 17 wherein said ETM is covalently attached to the
ribose.

22. A deoxyribonucleoside triphosphate according to claim 21 having the formula:

[ [o] o]
| f I
O~—P—— Q=P —eQ——p—0-
| [ |
o- o [0}
\
CH;, BASE
|°
HO 4

ET™
wherein
Zis alinker; and '
ETM is an electron transfer moiety.
23. A deoxyribonucleoside triphosphate according to claim 17 wherein said ETM is ferrocene.

24. A nucleic acid comprising:
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a) at least one ETM; and
b) atleast one branch point.

25. A nucleic acid comprising:
a) an ETM polymer; and
b) at least one branch point.

26. A nucleic acid according to claim 25 wherein said ETM polymer is a metallocene polymer.
27. A nucleic acid according to claim 25 wherein said ETM polymer is a ferrocene polymer.

28. A method of'detecting a target nucleic acid sequence in a test sample comprising:

' a) attaching said target sequence to an eleétrode comprising a monolayer of conductive oligomers;
b) directly or indirectly attaching at least one labei probe to said target Séquence to form an assay
complex, wherein said label probe comprises a first portion capable of hybridizing to a component of
said assay complex, and a second portion comprising a recruitment linker that does not hybridize to a
component of said assay complex and comprises at least one covalently attached ETM; and
c) detecting the presence of said ETM using said electrode.

29. A method according to claim 28 wherein said label probe comprises a plurality of ETMs.
30. A method according to claim 28 wherein said plurality comprises a metallocene polymer.
31. A method according to claim 28 wherein said label probe comprises a branch point.

32. A method according to claim 28 wherein said target sequence is attached to said electrode by
hybridization to a capture probe. '

34. A method according to claim 28 wherein said target sequence is attached to said electrode by
a) hybridizing a first portion of said target Sequence to a first portion of a first Capture extender probe;
b) hybridizing a second portion of said first Ccapture extender probe to a first portion of an capture
probe on the electrode; .
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c) hybridizing a second portion of said target sequence to a first portion of a second capture extender
probe; and

d) hybridizing a second portion of said second capture extender probe to a second portion of said
capture probe. A

35. A method according to claim 28 wherein said label probe is attached to said target sequence by
hybridizing said first portion of said label probe to a first portion of said target sequence.

36. A method according to claim 28 wherein said label probe is attached to said target sequence by
a) hybridizing a first portion of an amplifier probe to a first portion of said target sequence; and
b) hybridizing at least one amplication sequence of said amplifier probe to said first portion of at least
one label probe.

37. A method according to claim 28 wherein said label probe is attached to said target sequence by
a) hybridizing a first portion of a first label extender probe to a first portion of a target sequence;
b) hybridizing a second portion of said first label extender probe to a first portion of an amplifier probe;
c) hybridizing at least one amplication sequence of said amplifier probe to _said first portion of at least
one label probe.

38. A method according to claim 28 wherein said label probe is attached to said target sequence by
a) hybridizing a first portion of a first label extender probe to a first portion of a target sequence;
b) hybridizing a second portion of said first label extender probe to a first portion of an amplifier probe:;
c) hybridizing a first portion of a second label extender probe to a second portion of a target sequence;
d) hybridizing a second portion of said second label extender probe to a first portion of an amplifier
probe;
e) hybridizing at least one amplication sequence of said amplifier probe to said first portion of at least
one label probe.
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D179 ,
5* - A(C15)CCTGGTCTTGACATCCACGGAAGGCGTGGAAATACGTATTCGTGCCTA - 3°
D309 (Dendnimer)
5" — (W38)(Branching)(Branching)CATGGTTAACGTCAATTGCTGCGGTTATTAA - 3'
D295
5" - (N6)G(N6)CT(N6)CIN6)GIN6)C(N6)CCCATGGTTAGACTGAATTGCTGCGGTTATTAA - 3°
D297
5" - (N6)G(N6)CT(N6)CIN6)G(IN6)C(N6) TATGCTCTTGATGGTGCTGTGGAAATCTACTGG - 3°
D298
5* — (N6)G(N6)CT(N6)C(N6)G(NG)C(N6)ATGGTGCTGTGGAAATCTACTGG - 3'
D296
5" - (N6)G(N6)CT(N6)C(N6)G(N6)C(N6) TGACTGAATTGCTGCGGTTATTAA - 3°
D112
5" - CTTCCGTGGATGTCAAGACCAGGAU - 4 unit wire (C11) - 3’
D94
5" - ACCATGGACACAGAU - 4 unit wire (C11) - 3'
D109

5" = CTGCGGTTATTAACU - 4 unit wire (C11)-3"

2Tar
5"~ TAG GCA CGA ATA CGT ATT TCC ACG ATA AAT ATA ATT AAT AAC CGC AGC AAT TGA
. CGTATA AAGCTATCCCAG TAGATTTCCACAGC-3’

D349
5' = A(CI35)C (CI5)GT GTC CAT GGT AGT AGC TTA TCG TGG AAA TAC GTA TTC GTG
CCTA-%

D382
5" - (Y63)G(Y63) CT(Y63) C(Y63)G (Y63)C(Y63) CCC ATG GTT AGA CTG AAT TGC TGC GGT
TATTAA-3

D383
5" = (Y63)G(Y63) CT(Y63) C(Y63)G (Y63)C(Y63) CCC ATG GTT AGA CTG GCT GTG GAA ATC
TACTGG -3’

D468
5" - (N6)G(N6) CT(N6) C(N6)G (N6)C(N6) (glen)(glen)(glen) CTT TAC TCC CTT CCT CCC CGC TGA
AAGTAC-3’
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EUI
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5" - (C23)(C23)(C23) (C23YCYC23) (C23)(C23)(C23) (C3)AT CTG TGT CCA TGGT-3’

D429
5" - (N6)G(N6) CT(N6) C(N6)G (N6)C(N6) (CI31)AT CTG TGT CCA TGGTAGTAGC-3

FIG._19B

SUBSTITUTE SHEET (RULE 26)



PCT/US99/01703

WO 99/57319

30/52

106y / 6 SA A/ IVILNTLOd

0L'0- G0'0- 000 SO0 0L'0 SL'0 020 §20 O0E0 SEO0 OO S¥O 050

00¢c

parsbvava e aaaden e oo loeeabosaaloonolosnaloenabovanlones

IIIIIIIIIIIIlllIllll'l_rlllllll|llllllflli

AERE SRR SNSRI RNENESN NI ERERE N ERE AN ERE AN RRE RN NRE RN RE RENE!

o
N
o

o
NG
o

Q
0
o

o
©
Y

o
~
N

—Illlllllllllllllllllllll'l]rTlflllllllllllll
o
<
(8}

06'¢

voc "Old

V-8l / INFHHND OV

SUBSTITUTE SHEET (RULE 26)



PCT/US99/01703

WO 99/57319

31/52

10Bv / By sA A /TVILNTILOG

0L'0- S0°0- 000 SO0 OL'0 SL'0 020 S2'0 0E'0 GE0 Ob'0 S¥0 0S50

..._:_._.._._.__.__._.__._____.__...__.._._...___:___._.

ov'e

.._...._.__.__._._._.._.__._.._._._.._.__.________.___.__ 08°€

80c¢ Oid

VZ-81 / INIHHNO OV

SUBSTITUTE SHEET (RULE 26)



PCT/US99/01703

WO 99/57319

32 /52

106y / By SA A /IVILNTLOd

01°0- S0'0- 000 SO0 OL'O0 SO 020 S20 0E0 SE0 Ov¥0O SO 0S0

NESSENNEINREREERERE NN ERIRNENERENNERENRIRNERNIRENREINENENNET 0z’ 1

NENA NN EEENEER AN EE RN AN RN RSN SN NERRENI RNNER RRRREANET) 09'E

J0¢ "9OlId

V.-81 / IN3FHHNO OV

SUBSTITUTE SHEET (RULE 26)



WO 99/57319

PCT/US99/01703

33 /52

o
e
llllllllllllll'lllllllllllill LIS B o'
- . - !
N T
— L O
» - ©
- . T
C o
— — O
» - ©
n C 0
— — Q
C =)
= -
- L ©
— —
C - O
o ST
— —
: - O
C )
— — AN
C =
" C n
— — N
C - ©
C C o
— — M
- F ©
[~ C
— f—
n F ©
o C o
— —~ 3
= e
L Ty
— — <
- - o
n »
- )
Illll||||lll||Ill||l|lll[lllllll‘l g
o) o o o)
2 R 3 3 S & & 2
<
~
& Q
9
Ny Q
= N
pd
w |
1 »
o
-]
(@) S
Q 'L
<

SUBSTITUTE SHEET (RULE 26)

POTENTIAL/ V vs Ag / AgCl



PCT/US99/01703

WO 99/57319

34 /52

A /TVIIN3ILOd

01°0- S0'0- 000 SO0 OL'O SI'0 020 S20 0E0 SE0 OF0 S¥0 0S50

NEBEENEREAEENERENEA NN RN NI SRR RN RE RS RIANENI NRENANNETY

-

[RENEEENEN SRR REERA SRR RN EEE)

(FEERERNENINNRSEIRENIRENRIREET

060

09'¢€

30c "9OId

V.-31 / LN3HHNO OV

SUBSTITUTE SHEET (RULE 26)



PCT/US99/01703

WO 99/57319

35/52

106y / 6V SA A /IVILNTLOd

01'0- S0°0- 000 SO0 0L'0 GiO 020 S2'0 060 SE0 OV0 SYO 050

_.____.._...._...___.:_._.__:.__._.__..___.__.__...___._ 0z'L

._.____._..____..._...._.____..___._____.____.____._____._ .Ow.—,

4027914

VZ-81 / INIHHND OV

SUBSTITUTE SHEET (RULE 26)



PCT/US99/01703

WO 99/57319

36 /52

106y / By SA A /TVILNILOd

0L'0- S0°0- 000 SO0 OLO SO 020 S20 0e0 SE0 OPO SPO 0S50

lllllllIllIlrllllllllllllllllll[llI

[AEREREENEENERENRNEE AN NN AR NS ARSI RN ESNERUENNNEARENUANET

I ER R NEARN AR R N RN NN NN SN RN AANERE AN NRERNNNURNEN

®t O0c OId

V-8l / LINJHHNO OV

SUBSTITUTE SHEET (RULE 26)



WO 99/57319 _ PCT/US99/01703

37 /52

o
llllllllllllll'llllllllllll’llllll '-'
- | <
n e}
— . O
n - O
- -
- e
. s
- - O
» T
— — ©
= - ©
» C o
— —
- F ©
" C n
[ —
- F ©
C C o
— — N
C - o
o C
. .
- - ©
C - o
. . &
N - ©
C C
— —
- - ©
- C o
— — <
= - ©
- C
n — <
» =)
- C o
lllll'llllll'llllll'llllllllllllll uo?
o o o o
B 3 3 S = 8 S 3
o o o o o o - -

FIG._20H

AC CURRENT/ 1e-7A

SUBSTITUTE SHEET (RULE 26)

POTENTIAL / V vs Ag / AgClI



PCT/US99/01703

WO 99/57319

38 /52

106y / 6 SA A /IVILNILOd

0L'0- S00- 000 SO0 OL'0 SI'0O 020 S2c0 0€0 S€0 O¥O0 S¥PO0 0S50

RN ENE NN ANE NN RSN RN ENI RS NERU RN ENNNENENNERNENE RREE

AANI RN NN NN ERRN A N RIS NI RN NENE RUNNENRNNERRET)

ov't

10c” "OId

vZ-81 / INIHHND OV

SUBSTITUTE SHEET (RULE 26)



WO 99/57319

39/52

PCT/US99/01703

llllllillllllllllll'llll'lfll'lll

Illl'lIll]llllllllllllllllIlllllllIllllllllllill-lllllllll

llllllllllllllllllllllllllll

llll'lllllllll'lllllllll'llll

(=] o o o
3 & z S 3 2 R
o ol SV Y] - - -
<
~
(o]
@
~
-
Z
w
[a ey
s
)
(&)
')
<

SUBSTITUTE SHEET (RULE 26)

IIIllllll'llIllllllllllllll]l'llll'lIl

o
©

—

1.50

FIG._20J

.20 0.15 0.10 0.05 0.00 -0.05 -0.10

0.50 0.45 040 0.35 0.30 0.25 0

POTENTIAL / V vs Ag / AgCl



WO 99/57319 ' - PCT/US99/01703

40/52

llllllllllllll'lllllllII|lllllll!lll|Illllll|llll|llll|ll!

lIllllIllIlllllllllIllllr.llll'lllllllllllll[ LI

lllllllIlllllllllll'lllIlIlllllllll]lllllllllllllllllllllll

0.50 045 040 035 030 0.25 020 0.15 0.10 0.05 0.00 -0.05 -0.10

lIIlllIll'Illl'Iflllll.ll'llllllllrrlllllllll[fTTl
Vo] o w (] W o n Q o o wn
W L2 <t < ” 3] o o AR A =]
~— bt — ™ -— A - ~— - -— -
< X
) Q
Z N
E 1
z .
o
c )
> "L
O
O
<L

SUBSTITUTE SHEET (RULE 26)

POTENTIAL/V vs Ag/AgCl



WO 99/57319

PCT/US99/01703

llllllllllllllllllll'll

lllll'lllllllll

0 045 040 035 0

Illllllll,llll'llll

l l |
Q Q o o o o (=]
© w < « N - Q
- - - - h aud ™~ -

AC CURRENT / 1e-7A

SUBSTITUTE SHEET (RULE 26)

FIG._20L

-0.05 -0.10

30 0.25 0.20 0.15 0.10 0.05 0.00

0.5

POTENTIAL/V



WO 99/57319 . PCT/US99/01703

42 /52

lllllllllllllllllll'llll'llll'lIllllllllllllllllllllllllll

lllllllTl[TTllllll1|lll]'lrll'lll‘llll

7l]llllr1llllllllll'llll’lllllllll[llllIllllllIll]lllllllll

0.50 045 040 035 030 0.25 020 0.15 0.10 0.05 0.00 -0.05 -0.10

LINLINL TN N L O LY A O N O I B I B
o (o]

3 8 = S S S R 3 3
[qV] N N [aV] R o > -~— -~ L
<
% =

[}]
Z -~
-
= N
w |
g .
8 S
Q W
<

SUBSTITUTE SHEET (RULE 26)

POTENTIAL/ V vs Ag / AgC



WO 99/57319 . PCT/US99/01703

43/52

llllllllI'llll'llll,lllllllllllllllllIl'llll

llllllllllllllllllllllllllllllllllIllllllllllllll'llll[lll

-
-
-
——
-
—
—
—
—
-
-
—
-
—

i

5

0
8.5
8.0
7.5
7.0
6.5
6.0
5.5

)

10.0
9

FIG._20N

AC CURRENT/ 1e-7A

SUBSTITUTE SHEET (RULE 26)

POTENTIAL/V vs Ag / AgCl



PCT/US99/01703

WO 99/57319

44 /52

196y / 6 SA A / TVILN3LOd

paaa byt ealaa e leaaabevna oo e bonseloenaloanalonnadansatbnnns

0L'0- S00- 000 SO0 OL'0O GLO 020 G20 0E0 GE0 OVO SYO 0S0

IllllllF

llll

II[I

AR SRERIRNENESRNNIANENENERNE RENRA RNSNEANERI RNERNI RNEN1 BREY

090

OO0c "9Id

V./-31 / IN3HHNO OV

SUBSTITUTE SHEET (RULE 26)



PCT/US99/01703

WO 99/57319

45/52

12I4

r

v
1ON SVM 1vHL1 3804
NOLLYOIT 3HL 3A09

NOIS LON T1NOM g31voI
d 30V4HNS V LVH1 OS ‘LNIOd
V SI LNIOd LNIWHOVLIA SIHL 32

YN/ 9H /89€Q = 3DV4HNS

380Hd HIONOT oH 89€0
_IL L L] (0 LT T
¥ ]
. 9,0, 701 v [ “asea
.q.\w 95va XNOLHL [ 3svon
H ~ dWODAIH S A/o_._ AIH
.

OOV LLL LLL VY1 D99 YOV HYD VOL OVL OLL VOV YVD LYV V0D YOV DOV vD

«£ =L OLD OLL LYD LLL OLY VIV IOV D10 1J1 OID 09V LLY YVV VVLI00 L1D 1VD VID -.§

OI'TAIH

£-9DI0LYD VVD

OVVVODLOLY - .S

dWODAIH

€= (110) TAIM LINN v~ N VOV D01 LID DLL 00(ZH) ~ ¢

89¢d

«£~OVD LOV 191 LVD VVV DLV 009 V19 20V 91 OLL (9N)I(ON) H(9N)D (ON)1D (9N)D(ON) - .S

9sva

SUBSTITUTE SHEET (RULE 26)



PCT/US99/01703

WO 99/57319

46 /52

<NN I-Gs .l 0st 880V wajsAs l2 .8 ar .
o€l oLy ov's v bai+sig 8z 6 g
- 091 8126 | 94-0¥ (2) +VNH! 9z ot v
091 6v'21 +p G2 6 v .
0Ll LLG'L wayshs (01 6 ar
0S1 Ll 22 L'e Bal+sNLT LE Lt g
_ oS} € 94-0v (2) 4 ] g
0. 1’0 08! 'l - 62 Ll Y
091 gvv'e 6 wajsAs. Ll S ar
' 0St . . YA al+S.13 0¢ ya 2]
. 0zl OLT | 66T | ,,0 | 0402 (2) +VNu! 61 9 g
0Se 8.0 01 9SL't +€ 8l L v
0S4 1 VAN A 6 we)sAs 12 YA ar
091 . . FAN aJ+S\13 e 8 d
0zl 8z 09l 66c | €0€ 60 94-02 (2) €2 S g
- 091 1992 € 22 8 v
0S A oSt ol wia)sAs bas + 6 c 2]
, 091 IS0 90’ L |siediay Besg ‘N3 4} 14 v
0. 00 0L} 985°0 | +2N3 YNYI +2 L € v
091 L0 wieysAs 9l 9 ar
- .10 610 0 Bast+siadiay 14! 14 ar
08 rv8o 0Lt 1wre 0| bes 2 ‘LN3+en3 St 9 v
0L 9062°0 091 ovLE0 2 £l S v
091 22.0 weysAs z 2z ar
091 62°0 £9'0 |/veg0| _DOar+siedipy 1 1 ar
ovl 9610 | Ber+zn3a vNu! b i g
091 6Yv.L0 +i e 4 v
09 A wialshs S e ar
- 120 9£'0 0 Bai+siadiay 9 ¥ g
- 0 bas+zn3 8 € g
0L £6G°1 - 0 -1 L L v
(Aw) (yu) di (Aw) ~ [(yu)di| (yu)di | (wu)di 3009 # J714 [ H3IYNSYIN
IVILN3LOd IVILNILOd [A3ALS | 3DVHIAAY QI4gAH 3004190313

SUBSTITUTE SHEET (RULE 26)



PCT/US99/01703

WO 99/57319

47 /52

8cc Ol

0S ELLE 091 ) ) ZE6 ) 67 el Zr
0Ll 880 96'v 285°S +0lI ) el v
0L1 . . VL 08 vi Y
0S 61E°C 0L) cc’e ck's 2r8z -0l 8/ vl Zr
09 €50 0Lt . . 265G vl 21 v
05 w220 | o071 621 89y 89/°€ 6 e/ 1 zr
0S vivy | o0/1 10/AQ% | 2zt Slzl 6 o/ 2l zr
09 120 0L1 ivee 89 o1 v
091 60 ¥5'2 2611 +g /9 6 zr
01 162°€ g9 6 v
09 Ze 2 061 . . V6620 1z m v
09 ¥05°0 091 vE'0 950 8020 8 0./ ol zr
09 8e 2 091 . . Zvo'L 65 Z v
091 620 sc'l 65Y"1 +, 85 9 zZr
09 85610 | 091 70190 9 g Zr
0S $0°1 0LL 090 £2°0 28g’L - 29 8 v
09 L'l 091 88610 19 L zr
081 281 . 2S ¥ Zr
081 ¥9'g 28'S 89t'g 9 0S e v
0Ll 66L'G 6¥ £ zr
09 bol 081 201G 9% 9 v
0LL 552 €22 8$58°0 -9 S S zr
09 1'g 0LL 9959°0 £ S v
09 960 081 £19¢ (4% c A
. 0Ll €02 6E'S 298| +§ e 1 zr
0Ll LS L 1 v
0T — . 18z - v g Vv
09 S9v'p 0LL sc'L €6°1 Y0} s o z zr

(Aw)°3 g V) 1 (nw)og | A3ALS” [I5VHIAV|VIVG Mvd | 3303 3004103713 | 314 (H3LnSYan
1, %/2 QIHgAH

vo) %, u/z

SUBSTITUTE SHEET (RULE 26)



PCT/US99/01703

WO 99/57319

3£2-0I4
A

3490Hd
AHVLN3IWITdNOD
: v6d

|

So40L =01 X1
8v<ad

©99900099

r I
0-C
geN =[] . : c
sow - Sl
ase ol
- %m%%m%%
AHVLINIWNITdNOD
-NON mo_Q $0402=0} X2
6vSQ
o AO)E |
r N\

g¢c "old

1SGa

v SO402=GX¥

vec "Old

%%wmm

$2401=6X¢
0Ssd

SUBSTITUTE SHEET (RULE 26)



PCT/US99/01703

49/52

WO 99/57319

Il\ M-N G\l S04 U ypm yoes ‘sepisuq w ese 818y} suesw (w x u) :aj0u osjy,, ‘YN = ppI Bj0N ,

. _ ] 06 21880 _ 8z 92 €z Z
69 06 091 Sbys (sxp) 2L 2L eL Z
082 C9p/L 1ssa 62 2 60 v
ove LE0L £l Gl 60¥ v
ovl viel 0¢ V¥ € Z
9L : L€ 0S1 €SS (6x2) | wn £€8 = |oy; vl GL €L y4
092 e T 4 0ssqa (ejo L2 92 60% v
02 ELS Y “PPIN 9H / 601LQ Ll 2l 60¥ v
ovL 9/v50 —_teeg 9c Ge € 4
6G e'g o€l 188°2 (01x2) a%epng -, ol 6 €L y4
. 092 ISP 6v5Q L o€ 60¥ v
02 v2'0lL Gl 9] 60% v
= 0 23 0€ €7 Z
12 o'l ozt #9800 (o1xy) -9l 91 €L Z
0S2 EvP90 8vsq G2 s2 60¥ v
. 002 G99'S 6 6 60Y v
o€l 7 02 81 €L Z
S'€e 6V 0cL 2oL (Sxp) v b €L Z
o€z 99'8t 185Q 12 61 60% v
012 8's01 g L 60% v
0zt Evve ) 2e 61 €2 Z
681 §'SH 0zl 6v vy GXg = ol 9 J2 €L Z
01z 4906 oggq | NN EE8~fom 61 8l | 6ov v
0zl 6'Gh 1:2:2 8l JARNN B -y Z
521 9'09 oLl 99°'1/ (0Lxg) a38)iNG .7, 4 b EL Z
022 eLis 6¥5a €2 22 60% v
002 25'eS )] 8 60t v
ot} SELL ve 22 e/ Z
gc - 001 ISy «(01X]) 8 8 £l Z
002 229'6 8vsq Ll Ll 60¥ v
0S| 922 A L L 601 4
I LT w) %5 [ (v G,
A3dis | Sowiany (Aw) O3 | (yu) '«%/2 |AIHEAH| 3Dv4uns 3A0HLDFIT | 34 | 1dx3 HIUNSYIN !

SUBSTITUTE SHEET (RULE 26)



PCT/US99/01703

WO 99/57319

50/52

avc "Old

EYW = PN :31ON.

. o w
. 08L | Se¥C |goyw%ogm| wneeg=lommor | g | o |7SE Z
oLy zL'e 091 /66 OSSx9ul vy /OH/60LA L:22| ;| g | 2g v
O@—. FO WOVD 23 O—. momtjm nn m N Nm <
ot g
ok | 2k |sod%osm| wnees=romper | L | V| PEE Z
£S5l v0'81L 08l £9°02 OSSXgUul | pbIN/OH /60 122 | ¢ v | 2g v
(vw) 9, wz|ovw) 9, w2] (auwn 0a vy A 2 30041
'x 'y I, QIdgAH
Agdrs | SoveiinY (Aw) "3 |(wu) 2 g 30v44dNS 2313 |37 | LdX3| H3UNSYAN
_AL
r N
Y0d-94-"0d24-Y0d94-Y0d-94-Y0d-24-"0d-04-"0d-24-"0d-04-" 0d-24 e
movo\« - .
v6d

S

SUBSTITUTE SHEET (RULE 26)



WO 99/57319 , PCT/US99/01703

5 c ¥ 51/52

G :
a

P = POSITIVE

T
G
A‘/-LF’280
T

G
c
T
A
C
T
A
c
c
A
T
G
G
a
C
A
c

D334
|

G
G
T
A
C
Cc
T
G
T
G
T
Cc
T
A

A

G

N ,

T A CC TGT CTe TAG TCT Cap TaG 5’

3’ 5’ aca Gac arc AGA GTA ATC *GC C*G T+ TGG *T 3’
- l l D335 y

FIG._254

5 G 3’
AN\ w1

\ *=N6FC )

FIG. 258

SUBSTITUTE SHEET (RULE 25)




WO 99/57319 : PCT/US99/01703

52 /52
Illlllrllll‘ll IlllllIIlIlIlll llllll‘llllllTIl g
o (=]
- ® |8 &S Qg------------- -3
o o
L 8 .. S® § () =
R 3 @co" O\t
- OF
_ o i O} o)
_ ® 53
- o (25 O
- o B---Ng----- O-1+4&
o o e O
- @ RO FS &
- ® @: g
- o ) z
N -
B o -&': g
- . V) O
° (N
— ® AIIO-8 &
| ¢  ob
i ® a.o
- @ - e{or
: N
- ' R le:
B \ I 0
B 63
- 0- !
! oot O
' ‘ o'-L
1lll||llIlllllllllllllIIITIIIIIIIIIIIlllllllllllllll ~—
W o 1 Qo 1’ Qo ®’vw o v o u Qo
[Tp] wn < < o (9] N N - - o (]
<
£

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

Intesr._ational Application No

PCT/US 99/01703

CLASSIFICATION OF SUBJECT

A. MATTER
IPC 6 C12Q1/68 GOIN27/30 CO7F17/00 CO7F17/02

Acconding to Intemational Patent Classitication (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC6 C120 GOIN CO7F

Documentation searched other than minimum documentation to the extant that such documents are included in the fields searchad

Electronic data base consufted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Catagory ®

Citation of document, with indication, where appropriate, of the relevant péssages

Relevant to claim No.

WO 97 09337 A (DEUTSCHES KREBSFORSCH
; SCHUETTE DAGMAR (DE); WIESSLER MANFRED

11,17,
18,24

(DE)) 13 March 1997
see the whole document

X Uto Y. ET AL.,:

oligonucleotide”
ANALYTICAL BIOCHEMISTRY,
vol. 250,
XP002106964
see the whole document

9 October 1986

"Electrochemical analysis
of DNA amplified by the polymerase chain
reaction with a ferrocenylated

- 1997 pages 122-124,

X WO 86 05815 A (GENETICS INT INC)

see whole doc., esp. claims 28ff.

11,17,24

11,17,
18,24

-f -

Further documents are listed inthe continuation of box C.

E Patent family membars are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earller document but published on or after the international
filing date

"L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other spacial reason (as specified)

“0" document referring to an oral disclosure, use, exhibition or
other means

"P* document published prior to the intemational filing date but
later than the priority date claimed

"T* later document published after the intemational filing date
or priority date and not in confiict with the application but
cited to understand the principle or theory underlying the
invention

"X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive stap when the document is taken alone

*Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or mora other such docu-
ments, such combination being obvious to a person skillod
in the art.

“&" document member of the same patent family

Date of the actual completion of the intemational search Date of mailing of the international search report
23 June 1999 07/07/1999
Name and mailing address of the ISA Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo ni, 0
Fax: (+31-70) 340-3016 ' Mitler, F

Form PCT/ISA210 {second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Inte. .tional Application No

PCT/US 99/01703

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

X BROWN G. ET AL.,: "Metallorganic labels
for DNA sequencing and mapping”

NEW J. CHEM., ’ :

vol. 18, - 1994 pages 317-326,
XP002106965

see whole doc. esp. p.319, 2.col. ff

A WO 93 22678 A (MASSACHUSETTS INSTITUTE OF
TECHNOLOGY) 11 November 1993

see whole doc., esp. claims (e.g.42) and
figures

A DATABASE WPI

Section Ch, Week 9803

Derwent Publications Ltd., London, GB;
Class B04, AN 98-029208 -
XP002106967

& JP 09 288080 A (SHIN NIKKA KANKYO ENG
KK), 4 November 1997

'see abstract

P,A WO 98 31839 A (HARVARD COLLEGE)

23 July 1998
P,X W0 98 20162 A (GOZIN MICHAEL ;YU CHANGJUN
: (US); KAYYEM JON F (US); CLINICAL MICRO)
14 May 1998

cited in the application

see whole doc., esp. claims and figure 29A
T YU C.J. ET AL.,:
"Uridine-conjugated-ferrocene DNA
oligonuclieotides for electronic detection
of nucleic acids”

ABSTRACT OF PAPERS OF THE AMERICAN
CHEMICAL SOCIETY,

vol. 217, no. 1, - 21 March 1999 page
076carb XP002106966

see the whole document

11,17,24

1-11,17,
24,28

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

information on patent tamily members

Intes. stional Application No

PCT/US 99/01703

Patent document

Publication

Patent family

Pubtication

cited in search report date member(s) date

WO 9709337 A 13-03-1997 DE 19533093 C 05-12-1996
EP 0854877 A 29-07-1998

WO 8605815 A 09-10-1986 AU 5667186 A 23-10-1986
EP 0216844 A 08-04-1987

WO 9322678 A 11-11-1993 Us 5846708 A 08-12-1998
EP 0638173 A 15-02-1995
JP 7508831 T 28-09-1995
us 5653939 A 05-08-1997

WO 9831839 A 23-07-1998 AU 5926598 A 07-08-1998

WO 9820162 A 14-05-1998 AU 5196798 A 29~05-1998

Form PCT/ISA/210 (patent family annax) (July 1992)




	2003-12-29 Foreign Reference

